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PREFACE. 


Tue “ Manual of Mineralogy” was first published by James 
Dwight Dana in 1848. A second edition was printed in 1850 
and a “New Edition,’ which had been revised and enlarged, 
was published in 1857. The book was rearranged and rewritten 
for the third edition which appeared in 1878. This edition 
included an extensive chapter on rocks, and the title of the book 
was changed to “Manual of Mineralogy and Petrography.”” The 
fourth and last revision was published in 1887. Since that time 
the book has been frequently reprinted, so that the last edition 
was the twelfth. But it is now twenty-five years since the last 

revision of the text. Believing that the Manual has amply 
proved its usefulness, and with the desire of keeping the series 
of the Dana Mineralogies complete, Professor Edward 8. Dana 
asked the author to prepare a new and revised edition. 

It was found that it was desirable to rewrite the book, and 
consequently, as far as the text and figures are concerned, this 
present edition is almost wholly new. The scope and character 
of the book, however, have been kept as nearly as possible the 
same. The book has been primarily designed to fill the ordinary 
needs of the elementary student of Mineralogy, the mining 
engineer, the geologist and the practical man who may be 
interested in the subject. It has been made brief and direct 
and the treatment has been as untechnical as possible. 

The chapter on Petrography has been omitted and only a 
brief and general description of the various important rock types 
given. This change was made in view of the fact that since 
1887 the subject of Petrography has had so large a development 
as to render impossible its adequate treatment in a single 
chapter. Moreover, several elementary books on the subject, 
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notably “‘Rocks and Rock Minerals” by L. V. Pirsson, are now 
available. Because of this, the title has been changed again to 
its original form and the book is to be known in the future as 
‘“Dana’s Manual of Mineralogy.” 

The order adopted in the description of species has been 
changed to that of the chemical classification as used in the 
System of Mineralogy. It was felt that this was, on the whole, 
the most logical and useful arrangement. Following the de- 
scription of the individual species, however, various tables are 
given, among them one in which the minerals are grouped 
according to their chief element. After each such list a general 
description of the association and occurrence of the minerals 
which it contains is given. Statistics of mineral production, 
etc., are given in Appendix II. It is intended by frequent 
revision of this portion of the book to keep the figures reasonably 
up to date. 

The author has made free use of many sources in the prepara- 
tion of the book. He is especially indebted to the sixth edition 
of “Dana's System of Mineralogy” and the “ Text Book of 
Mineralogy” by E. 8. Dana, to the “ Brush-Penfield Deter- 
minative Mineralogy and Blowpipe Analysis” and to “ Rocks 
and Rock Minerals” by L. V. Pirsson. He acknowledges 
gratefully the constant advice and criticism of Professor Edward 
8. Dana. 


SHEFFIELD Scimntiric ScHooL or YALE UNIVERSITY, 
New Haven, Conn., June, 1912. . 


INTRODUCTION. 


MrveraLs are the materials of which the earth’s crust consists 
and are therefore among the most common objects of daily obser- 
vation. A mineral may be defined as a naturally occurring sub- 
stance having a definite and uniform chemical composition with 
corresponding characteristic physical properties. This elimi- 
nates all artificial products of the laboratory which may conform 
to the last part of the definition. It also eliminates all natural 
products of organic agencies, since they will not show the uni- 
form chemical and physical characters demanded of a mineral. 

In the form of rocks, minerals make up the solid matter of the 
earth’s crust. But in the great majority of cases a rock is not 
made up of a single mineral, but is a more or less heterogeneous 
aggregate of several different species. A few rocks, like lime- 
stone and quartzite, consist of but one mineral in a more or less 
pure state. In addition to occurring as essential and integral 
parts of rocks, minerals are found distributed through them in 
a scattered way, or in veins and cavities. Water is a mineral, 
but generally in an impure state from the presence of other 
minerals in solution.. The atmosphere and all gaseous materials 
set free in volcanic and other regions are mineral in nature. 


Characters of Minerals. 


1. Minerals, as previously stated, have a definite chemi- 
cal composition. This composition, as determined by chemical 
analysis, serves to define and distinguish the species, and indi- 
cates their profoundest relations. Owing to difference in com- 
position, minerals exhibit great differences when subjected to the 
action of various chemical reagents, and these peculiarities are 
a means of determining the kind of mineral under examination 
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in any case. The department of the science treating of the com- 
position of minerals and their chemical reactions is termed Chem- 
ical Mineralogy. 

2. Each mineral, with few exceptions, has its definite form, 
by which, when in good specimens, it may be known. These 
forms are cubes, prisms, pyramids, ete. They are included 
under plane surfaces arranged in symmetrical order, according 
to mathematical law. These forms are called crystals. ISesides 
these outward forms there is also a distinctive internal structure 
for each species. The facts of this branch of the science come 
under the head of Crystallographic Mineralogy. 

3. Minerals differ in hardness, from tale at one end of the 
scale to the diamond at the other. Minerals differ in specific — 
gravity, and this character, like hardness, is a most important 
means of distinguishing species. Minerals differ in color, trans- 
parency, luster and other optical properties. The facts and 
principles relating to the above characters and others of a similar 
nature are included in the department of Physical Mineralogy. 

4. The detailed descriptions of individual mineral species, 
including their chemical, crystallographic and general physical — 
characters, together with their occurrence, associations, uses, etc., 
are included under the division known as Descriptive Mineralogy. 

5. Lastly, the discussion of the methods that are used for 
identifying minerals forms the division known as Determinative 
Mineralogy. 

These different branches of the subject are taken up in this 
book in the following order: I. Crystallographic Mineralogy; 
II. Physical Mineralogy; III. Chemical Mineralogy; IV. 
Descriptive Mineralogy; V. Determinative Mineralogy. 
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MANUAL OF MINERALOGY. 


I. CRYSTALLOGRAPHY. 
I. INTRODUCTION. 


THE great majority of our minerals, when the conditions of 
formation are favorable, occur in definite and characteristic 
geometrical forms which are known as crystals. To gain a com- 
prehensive knowledge of the laws which govern the shape and 
character of crystals is a very important part of the study of 
mineralogy. This division of the subject is called crystallog- 
raphy. It forms almost a separate science in itself, and to ade- 
quately and exhaustively discuss it would require a volume 
much larger than the present one. In the following section, 
however, the attempt will be made to present the elements of 
crystallography in a brief and simple manner and at least to 
introduce the reader to the more essential facts and principles 
of the subject. 

A crystal has been defined as follows: A crystal is a body which 
by the operation of molecular affinity has assumed a definite internal 
structure with the form of a regular solid inclosed by a certain num- 
ber of plane surfaces arranged according to the laws of symmetry.* 
This is a very compact definition and several pages will be devoted 
to its discussion. 

A better idea of the fundamental laws of crystallography will 
be obtained by first considering the three prominent modes of 
crystallization. Crystals are formed by crystallization either 
(1) from a solution, (2) from fusion, or (3) from a vapor. The 
first case, that of crystallization from solution, is the most familiar 
to our ordinary experience. Take for example a water solution 
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containing sodium chloride (common salt). Suppose that by 
evaporation the water is slowly driven off. The solution will, 
under these conditions, gradually contain more and more salt 
per unit volume, and ultimately the point will be reached where 
the amount of water present can no longer hold all of the salt 
in solution, and this must begin to precipitate out. In other 
words, part of the sodium chloride, which has up to this point 
been held in a state of solution by the water, now assumes a solid 
form. If the conditions are so arranged that the evaporation of 
the water goes on very slowly, the separation of the salt in solid 
form will progress equally slowly and definite crystals will result. 
The particles of sodium chloride as they separate from the solu- 
tion will by the laws of molecular attraction group themselves 
together and gradually build up a definitely shaped solid which 
we call a crystal. Crystals can also be formed from solution by 
lowering the temperature or pressure of the solution. Hot 
water will dissolve much more salt, for instance, than cold, and 
if a hot solution is allowed to cool, a point will be reached where 
the solution becomes supersaturated for its temperature and 
salt will crystallize out. Again, the higher the pressure to which 
water is subjected the more salt it can hold in solution. So 
with the lowering of the pressure of a saturated solution super- 
saturation will result and crystals form. Therefore, in general, 
crystals may form from a solution by the evaporation of the 
solvent, by the lowering of the temperature or by a decrease in 
pressure. 

A crystal is formed from a fused mass in much the same way 
as from a solution. The most familiar example of crystalliza- 
tion from fusion is the formation of ice crystals when water 
freezes. While we do not ordinarily consider it in this way, 
water is fused ice. When the temperature is sufficiently lowered 
the water can no longer remain liquid, and it becomes solid by 
crystallization into ice. The particles of water which were free 
to move in any direction in the liquid now become fixed in their 
position, and by the laws of molecular attraction arrange them- 
selves in a definite order and build up a solid crystalline mass. 
The formation of igneous rocks from molten lavas, while more 
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complicated, is similar to the freezing of water. In the fluid 
lava we have many elements in a dissociated state. As the 
lava cools these elements gradually group themselves into differ- 
ent mineral molecules, which gather together and slowly crystal- 
lize to form the mineral particles of the resulting solid rock. 

The third mode of crystal formation, that in which the crys- 
tals are produced from a vapor, is less common than the other 
two described above. The principles that underlie the crystal- 
lization are much the same. The dissociated chemical atoms 
through the cooling of the gas are brought closer together until 
they at last form a solid with a definite crystal structure. An ex- 
ample of this mode of crystal formation is seen in the formation 
of sulphur crystals about the mouths of fumeroles in volcanic 
regions, where they have been ot ae from sulphur-bearing 
mp, ae [pat te : 

The most Aairdamontal and important fact concerning crystals 
is that they possess a definite internal structure. A crystal is to 
be conceived as made up of an almost infinite number of exces- 
sively minute mineral particles which have a regular arrange- 
ment and relation to each other and form, as it were, a crystal 
network. Little is definitely known as to the character or size of 
these mineral particles. They may be the same as the chemical 
molecule, but more probably consist in definite groups of that 
molecule. There are many proofs that a crystal does possess a 
definite internal arrangement of its mineral particles, but the 
following three are the most important. 

Cleavage. Many minerals when fractured break with definite 
and smooth flat surfaces which are known as cleavage planes. 
Common salt, halite, for instance, cleaves in three different planes 
which are at right angles to each other. It is said, therefore, to 
have a cubic cleavage. When it crystallizes it usually shows 
cubic forms also. The planes of cleavage are found to be always 
parallel to the natural cubic crystal faces. If the internal struc- 
ture of halite was heterogeneous, the fact that it always shows this 
cubical cleavage would be inexplicable. It can only be explained 
by assuming some definite internal arrangement which permits 
and controls such a cleavage. 
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Optical Properties. All transparent crystals have definite 
effects upon the light which passes through them. Many of 
them further produce changes in the character of the light which 
cannot be accounted for except through the constraining influ- 
ence of the internal structure of the mineral. Take the case of 
calcite as an example. In general, if you look at an object through 
a clear block of calcite you will observe a double image. The 
mineral, in other words, has the power of doubly refracting light. 
Further, it can be proved that each of the two rays into which 
calcite breaks up light has a definite plane of vibration, i.e., each 
ray is polarized. A piece of glass similar in shape to the calcite 
block would not have produced these effects, because the internal 
structure of glass is heterogeneous, while that of calcite is definite 
and regular. 

Regular and Constant Outward Form. Ifa series of objects 
all having the same shape and size are grouped together accord- 
ing to some regular arrangement, the resulting mass will have a 
definite form which will bear a strict relationship to the char- 
acter of the individual objects and the law which was followed 
in assembling them. Asa simple illustration, consider an ordi- 
nary pile of bricks. If each individual brick is exactly like 
every other in size and all of them are piled together according 
to a regular plan, the shape of the resulting mass will depend 
directly upon the shape of the individual bricks and the law 
which governed their arrangement. Figs. A and B, Plate I, are 
reproductions from photographs of models which are built up 
solidly of small steel balls. All of the constituent particles of 
each model are exactly alike in shape and size, and they have 
been piled together according to a regular arrangement. The 
result has been, as is shown in the figures, to produce regularly 
and definitely shaped solids. If therefore a regular arrange- 
ment of uniform particles produces a solid with a definite shape, 
the converse proposition must be true. If we have a mineral 
which occurs in certain characteristic and uniformly shaped 
crystals (halite, for example, in cubes), it must follow that this 
could only be accomplished through the mineral possessing a 

‘regular internal structure. 


PLATE I. 


B. Octahedron. 
Models made of Steel Balls, 
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The Outward Crystal Form May Be Varied with the 
‘Same Internal Crystalline Structure. There may be several 
different limiting forms possible upon crystals of the same min- 
eral. Galena, PbS, for example, usually crystallizes in the form of 
a cube, but it also at times shows octahedral crystals. The in- 
ternal structure of galena is constant, but both the cube and 
octahedron are forms that conform to that structure. The 
models shown on Plate I illustrate this point. Both are built 
up of similar particles and their arrangement is the same in each 
case. In one, however, (Fig. A), the planes of a cube, and in 
the other (Fig. B) the planes of an octahedron, limit the figure. 

With the same internal structure there are, however, only a 
certain number of possible planes which can serve to limit a 
crystal. And it is to be noted, p 
moreover, that of these possible 
planes there are only a com- 
paratively few which commonly 
occur. The positions of the 
faces of a crystal are deter- 
mined by those directions in 
which on account of the in- 
ternal structure a large number 
of the individual mineral parti- 
cles lie. And those planes 
which include the greater num- A 
ber of particles are the ones 
most commonly found as faces upon the crystals. Consider 
Fig. 1, which might represent one layer of particles in a certain 
crystal network. The particles are equally spaced from each 
other and have a rectilinear arrangement. It will be observed 
that there are several possible lines through this network that 
include a greater or less number of the particles. These lines 
would represent the cutting direction through this network of 
certain possible crystal planes; and it would be found that of 
these possible planes those which include the larger number 
of particles, like those cutting along the lines A-~B and A-C, 
would be the more common in occurrence. 


Fig. 1. 
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Law of the Constancy of Interfacial Angles. Since the 
internal structure of any mineral is always constant, and since 
the possible crystal faces of that mineral have a definite relation- 
ship to that structure, it follows that the faces must have also. a 
definite relationship to each other. This fact may be stated as 
follows: The angles between two similar faces on the same substance 
are always the same. Fig. 1 will also illustrate this point. The 
face which cuts the network along the line A-C must make an 
angle of 45 degrees with the face which cuts along the line 
A-B, etc. This law is the most fundamental and important in 
the science of crystallography. It frequently enables one to 
identify a mineral by the measurement of the interfacial angles 
on its crystals. A mineral may be found in crystals of widely 
varying shapes and sizes, but the angle between two similar faces 
will always be the same. 

An important part of the study of crystallography consists 
in the measuring and classifying of the interfacial angles on the 
crystals of all minerals. These measurements are accomplished 
by means of instruments known as goniometers. For accurate 
work, particularly in the case of small crystals, a type of in- 
strument known as a reflection goniometer is used. This is an 
instrument upon which the 
crystal to be measured is 
mounted so as to reflect 
beams of light from its faces 
through a telescope to the 
eye. The size of the angle 
through which a crystal has 
to be turned in order to 
throw successive beams of 
light from two adjacent faces 
into the telescope deter- 
mines the angle existing 
between the faces. A sim- 
pler instrument used for approximate work and with larger 
crystals is known as a contact goniometer. Its character and use 
are illustrated by Fig. 2. 


Fig. 2. Contact Goniometer. 
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The regular internal structure of crystals requires that the 
ultimate individual mineral particles must be at least physically 
alike. A physical likeness between these particles necessitates 
that they should also be the same chemically, or at least closely 
similar. Consequently we can state that in general a crystal 
must be made up of a regular assemblage of particles which are 
chemically the same, and therefore that a crystallized mineral 
must have a definite and uniform chemical composition. This’ 
statement is a general one and will suffice for the present; certain 
modifications will be found stated on page 77 under isomor- 
phism. A crystal is a guarantee of the chemical homogeneity 
of a mineral. From this it follows that only definite chemical 
compounds are capable of crystallization. 

To sum up the conclusions of the preceding paragraphs: A 
crystal is a solid with definite chemical composition which possesses 
a definite internal arrangement of its mineral particles. These 
internal characteristics are expressed outwardly in a definite external 
form. And since the internal structure of the same substance 1s 
always constant, the angles between the similar bounding planes of 
the crystals of that substance are also constant. 


Il. SYMMETRY. 


Crystals are grouped together into different classes according 
to the symmetry which they show. The symmetry of crystals 
is of three kinds, namely: 1. Symmetry in respect to a plane; 
2. Symmetry in respect to a line; 3. Symmetry in respect to a 
point. 

Symmetry Plane. A symmetry plane is an imaginary plane 
which divides a crystal into halves, each of which is the mirror 
image of the other. Fig. 3 will illustrate the character of such 
a plane. The shaded portion of the figure shows the position 
of the one plane of symmetry that a crystal of this sort possesses. 
For each face, edge or point on one side of the plane there is a 
corresponding face, edge or point in a similar position on the other 
side of the plane. 

Symmetry Axis. A symmetry axis is an imaginary line 
through a crystal about which the crystal may be revolved as 
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upon an axis and repeat itself in appearance two or more times 
during the revolution. In Fig. 4 the line C-C” is an axis of 
symmetry, for when the crystal represented is revolved upon it, 
it will have, after a revolution of 180°, the same appearance as 
at first; or in other words, similar planes, edges, etc., will appear 
in the places of the corresponding planes and edges of the 
original position. Point A’ will occupy the original position of 
A, B’ that of B, ete. Since the crystal is repeated twice in 
appearance during a complete revolution, this axis is said to 
be one of binary or twofold symmetry. In addition to axes 
of binary symmetry, we have axes of trigonal (threefold), tet- 
ragonal (fourfold) and hexagonal (sixfold) symmetry. 


Fig. 3. Fig. 4. Fig. 5. 
Symmetry Plane. Symmetry Axis. Symmetry Center. 


Center of Symmetry. A crystal has a center of symmetry 
if an imaginary line is passed from some point on its surface 
through its center, and a similar point is found on the line at an 
equal distance beyond the center. The crystal represented in 
Fig. 5 has a center of symmetry, for the point A is repeated at 
A’ ona line passing from A through the-center, C, of the crystal 
the distances AC and A’C being equal. 

All possible crystal forms can be grouped into thirty-two 
classes depending upon the different degrees of symmetry which 
they show. These thirty-two classes may be further grouped 
into six systems, the classes of each system having certain close 
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Telatious to each other. These systems are known as the Iso- 
metric, Tetragonal, Hexagonal, Orthorhombic, Monoclinic and 
Triclinic Systems. All crystals will be found to belong to one or 
‘the other of these systems. As stated above, there are thirty-two 
possible subdivisions of these six systems, but the majority of 
them are only of theoretical interest, since practically all known 
species can be placed in one or the other of some ten or twelve 
‘classes. _ / 
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A system of notation has been developed by which we can 
describe the different crystal classes and the crystal forms found 
in each. One of the important conceptions to this end is that of 
crystallographic azes. 

Crystallographic Axes. Crystallographic axes are imaginary 
lines or directions within a crystal to which the crystal faces are 
referred and in terms of which they are described. In the differ- 
ent systems the axes vary in number (three or four), in their 
relative lengths and in the angles of inclination to each other. 
As a general case we will consider the crystallographic axes of 
the Orthorhombic System. They are three in number, at right 
angles to each other, and each has a characteristic relative length. 
Fig. 6 represents such axes for the orthorhombic mineral sulphur. 
When placed in the proper position for description, or “orien- 
tated” as it is termed, one axis called a is horizontal and per- 
pendicular to the observer, another axis, called b, is horizontal 
and parallel to the observer, while the third axis, called c, is 
vertical. The ends of each axis are designated by either a plus 
or a minus sign, the front end of a, the right-hand end of b and 
the upper end of c being positive, while in each case the opposite 
end is negative. When, as in the Orthorhombic System, the 
three axes have different relative lengths, these values have to 
be determined experimentally by making the necessary measure- 
ments on crystals of each mineral. Fig. 7 would represent a 
erystal of sulphur in which each face of the crystal form, known 
as a pyramid, intercepts each axis at what is considered as its 
unit length. From the values obtained by measuring the angles 
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~ between the different faces of this crystal an expressieu of the 
relative lengths of the three axes can be obtained by calculation. 
The length of the b axis is taken as unity and the lengths of the 
a and ¢ axes are expressed in terms of it. The axial ratio for 
sulphur is a:b: c = 0.813 : 1.00: 1.903. It must be borne in 
mind that these lengths are only relative in their value. They 
do not represent any actual distances. A sulphur crystal may 
be of microscopic size or several inches in diameter, but in either 
case the above ratio would hold true. 
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Fig. 6. Fig. 7. Fig. 8. 
Orthorhombic Orthorhombic Orthorhombic 
Crystal Axes, Pyramid. Prism. 


Parameters. Crystal faces are described according to their 
relations to the crystallographic axes. A series of numbers which 
indicate the relative distances by which a face intersects the 
different axes are called its parameters. A face which cuts all 
three axes at distances from the point of their intersection which 
are relatively the same as the unit lengths of the axes is said to 
have the following parameters: la, 1b, le (see Fig. 7). A face 
which cuts the two horizontal axes at distances which are rela- 
tively to each other as the unit lengths of those axes but is paral- 
lel to the vertical axis would have for parameters 1a, 1b, coc (see 
Fig. 8). If a face cuts the two horizontal axes at distances 
proportionai to their unit lengths and cuts the vertical axis at 
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a distance twice its relative unit length, it will have for param- 
eters la, 1b, 2c. It is to be emphasized that these parameters 
are strictly relative in their values and do not indicate any 
actual cutting lengths. To further illustrate this, consider 
Fig. 9, which represents a possible sulphur crystal. The forms 
present upon it are two pyramids 

of different slope but each inter- 
secting all three of the crystal axes 
when properly extended. The lower 
pyramid intersects the two hori- 
zontal axes at distances which are 
proportional to their unit lengths 
and if it was extended as shown by 
the dotted lines would also cut the 
vertical axis at a distance propor- 
tional to its unit length. The pa- 
rameters of the face of this form 
which cuts the positive ends of the 
three axes would be la, 1b, le. =a 
The upper pyramid would cut the ‘ 
two horizontal axes, as shown by the dotted lines, also at dis- 
tances which, although greater than in the case of the lower 
pyramid, are still proportional to their unit lengths. It cuts the 
vertical axis, however, at a distance which, when considered in 
‘respect to its intersections with the horizontal axes, is propor- 
tional to one-half of the unit length of c. The parameters of a 
face of this form would therefore be la, 1b, 3c. From this ex- 
ample it will be seen that the parameters.1a, 1b, do not in the two 
cases represent the same actual cutting distances but express only 
relative values. The parameters of a face do not in any way 
determine its size, for a face may be moved parallel to itself for 
any distance without changing the relative values of its intersec- 
tions with the crystallographic axes. 

Law of Definite Mathematical Ratio. It is to be noted that 
in general the ratio of the intercepts of a crystal face upon the 
crystallographic axes can be expressed by whole numbers or 
definite fractions. These numbers, or fractions, are commonly 


* 


12 MANUAL OF MINERALOGY 


simple, such as 1, 2, 3, 3, 3, 3, etc., and in the great majority of 


cases are 1 or «©. This law, that the axial intercepts of all 
crystal faces form a definite mathematical ratio, is an extremely. 
important one. It is a necessary corollary to the theoretical! 
considerations given on page 5 and following. 

Indices. Various methods of notation have been devised to 
express the intercepts of any crystal face upon the crystal axes, 
and several different ones are in common use. The most uni- 
versally employed is the system of indices of Miller. While not 
as simple for a beginner, perhaps, as some one of the systems in 
which the parameters of the crystal faces are used, it adapts itself 
so much more readily to crystallographic calculations and con- 
sequently has so wide a use that it seems wise to introduce it here. 

The indices of a face consist of a series of whole numbers which 
have been derived from its parameters by their inversion and, if 
necessary, the subsequent clearing of fractions. The indices of 
a face are always given, so that the three numbers refer to the 
a, b and c axes respectively, and therefore ordinarily the letters 
which indicate the different axes are omitted. The pyramid 
illustrated in Fig. 7, which has la, 1b, 1c for parameters, would 
have 111 for indices. The face, Fig. 8, which has la, 1b, ~c 
for parameters, would have 110 for indices. The face, Fig. 9, 
which has la, 1b, 3c for parameters, would have 112 for indices. 
A face which has la, 1b, 2c for parameters would have 221 for 
indices. 

Common use is made of what is known as the symbol of a 
form. A symbol of any form consists of the indices of the face 
having the simplest relations to the axes. This is used when’ 
it is desired to refer to some particular crystal form, and the sym- 


bol then stands for the whole form-aad not simply for the single 
face whose indices it is. 


IV. DEFINITIONS OF VARIOUS TERMS. 


Crystal Form. By the expression ‘crystal form” is meant 
the assemblage of all similar faces which are possible with a 
3 eae 2 Ms 
certain degree of symmetry. In Fig. 7 is represented a crystal 
form known as a pyramid. In the particular symmetry class 
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to which it belongs the three crystal axes are axes of binary 
symmetry and the axial planes are planes of symmetry. Under 
these conditions, if we assume the presence of the face A we must 
have the other seven faces also in order to satisfy the demands 
of the symmetry. In this case the assemblage of the eight 
pyramidal faces constitutes the crystal form. A crystal form 
does not necessarily make a solid 
figure. Consider Fig. 10, which is 
of a crystal of the Monoclinic Sys- 
tem. In this system the 6 axis is 
an axis of binary symmetry and the 
plane of the a and c axes is a sym- 
metry plane. Under these condi- 
tions, if we assume the presence of 
the plane b, the symmetry demands 
only the parallel faceb’. So these 
two faces, being all the possible 
similar planes with this particular 
symmetry, constitute a crystal form. There are three crystal 
forms present on the crystal represented in Fig. 10. 

Crystal Habit. By the crystal habit of any mineral is meant 
the common and characteristic form or combination of forms in 
which that mineral crystallizes. Galena, for example, has a cubic, 
magnetite an octahedral and garnet a dodecahedral habit. By 
this is meant that, although these minerals are found in crys- 
tals which show other forms, such occurrences are comparatively 
rare, and their “habit’’ is to crystallize as indicated. 

Crystal Combinations. In the great majority of cases, a 
erystal will show a combination of two or more crystal forms 
rather than one single form. In fact, many crystal forms, since 
they do not make a solid figure by themselves, must occur in 
combination with other forms. The combination in which it 
occurs may quite change the appearance of a form, and its recog- 
nition will depend upon the position and relation of its faces 
rather than upon their shape. Fig. 11 is of a simple form known 
as a cube, and Fig. 12 is of a simple form known as an octahedron. 
Fig. 13 shows a combination of the two, in which the corners of 


Fig. 10. 
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the cube are truncated by the faces of the octahedron, while 
Fig. 14 shows the same two forms in a combination in which 
the points of the octahedron are truncated by the faces of the 
cube. When a corner or an edge of one form is replaced by a 
face of another form, the first is said to be truncated by the 
second. If an edge is replaced by two similar faces it is said to 
be beveled. 


PD EN 


Fig. 11. Fig. 12. Fig. 13. . Fig. 14. 
Cube. Octahedron. Cube Truncated Octahedron Trun- 
by Octahedron. eated by Cube. 


Crystal Distortion. It seldom happens that the conditions 
for crystal growth are such as to permit the development of 
crystals of ideal symmetry. The crystal may have grown more 
rapidly in one direction than in another; other surrounding min- 
erals may have interfered, and in various ways its symmetrical 
growth been prevented. Such a crystal is said to show distortion. 


Fig. 15. Cube. Fig. 16. Distorted Cube. Fig. 17. Octahedron. 


Ordinarily the amount of distortion is not so great as to prevent 
one from readily imagining what the ideally developed crystal 
would be like and so determining its symmetry and character. 
It is to be noted that the real symmetry of a crystal does not 
depend upon the symmetrical shape and size of its faces, but 
rather upon the symmetrical arrangement of its interfacial 
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angles. In the Figs. 15 and 16, 17 and 18, 19 and 20, are given 
various crystal forms, first ideally developed and then distorted. 


Fig. 18. Fig. 19. Fig. 20. 
Distorted Octahedron. Dodecahedron. Distorted Dodecahedron, 


Crystal Pseudomorphs. At times we find a mineral occur- 
ring in crystals which prove to be not the characteristic forms 
for that mineral, but are rather the typical forms of some other 
species. Such crystals are said to be pseudomorphs, or false 
forms. They originate in various ways. The mineral may have 
changed in its composition without, however, changing its crystal 
form. We find, for example, that cuprite, CuO, frequently 
alters to malachite, CuCO;.Cu(OH)., but without a change 
in the crystal shape. The resulting crystals would have the 
composition of malachite but the crystal form of cuprite. An- 
other mode of origin is to have one mineral deposited on the 
crystals of another and so form, as it were, a cast of the second. 
Smithsonite, ZnCOs, is at times found in pseudomorphic crystals 
whose forms are those of calcite. In this case the smithsonite 
has been deposited in a thin layer over the crystal of calcite, 
which may have subsequently been removed. The resulting 


crystal is a pseudomorph of smithsonite after calcite. Pseudo- | 


morphs cannot be regarded as true crystals, since their internal 
structure does not correspond to the outward crystal form. 
Twin Crystals. When two or more crystals intergrow accord- 
ing to some definite law, the resulting group is said to be a twin 
crystal. The different members, ordinarily two, of a twin 
crystal have usually a plane, known as a twinning plane, or an 
axis, known as a twinning axis, which is common to both. In 
Fig. 21, which represents a twin crystal of fluorite, we have two 
cubes intergrown in such a way that the diagonal axis A—A’ is 
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common to the two individuals. The individual, the faces of 
which are shaded in the figure, lies as if it had been turned about 
this axis from the position occupied by the other individual 
through an angle of 60 degrees. The line A-A’ is known as the 
twinning axis. In Fig. 22 is represented a twinned octahedron. 
The two individuals here are grown together with an octahedral 


\A 
a 
Fig. 21. Twinned Cubes. Fig. 22. Twinned Octahedron. 


face in common. It will be noted that the composition plane, 
which is shaded, is parallel to one face of each individual. This 
plane is known as the twinning plane. The twin of Fig. 21 is 
known as a penetration twin, since the two individuals inter- 
penetrate each other; while the twin of Fig. 22 is a contact twin, 
since the two individuals lie simply i in contact with each other 
upon a eriain plane. , y 
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Crystallographic Axes. The crystallographic axes of the Iso- 

metric System are three in number, of equal lengths, and make 

as right angles with each other. When 

properly orientated one axis is vertical 

and the other two are horizontal, one 

moe a, being parallel and the other perpendicu- 

Gh lar to the observer, as is shown in Fig. 

23. Since the three axes are identical 

in character, they are interchangeable, 

-(s and any one of them may serve as the 

Fig. 23. Isometric Axes. vertical axis, etc. In giving the indices 

of a face of an isometric form, the order of the axes, etc., is the 
same as described in a previous paragraph, page 9. 
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Normal Class. 


Symmetry and Forms. The symmetry shown by the crys- 
tals of the Normal Class of the Isometric System is as follows. 
The three crystallographic axes are axes of tetragonal symmetry 
(see Fig. 24). There are also four diagonal axes of trigonal sym- 
metry. These axes emerge in the middle of each of the octants 
formed by the intersection of the crystallographic axes (see 
Fig. 25). Further, there are six diagonal axes of binary sym- 
metry, each of which bisects one of the angles between two of 
the crystallographic axes, as illustrated in Fig. 26. 
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Fig. 25. Fig 26. 
Axes of Symmetry, Isometric System, Normal Class. 
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Fig. 27. Fig. 28 
Planes of Symmetry, Isometric System, Normal Class, 


This class shows nine planes of symmetry, three of them being 

known as the axial planes, since each includes two crystallo- 

. graphic axes (see Fig. 27), and six being called diagonal planes, 

since each bisects the angle between two of the axial planes 
(see Fig. 28). 
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To summarize the symmetry of this class: 

3 crystallographic axes of tetragonal symmetry; 

4 diagonal axes of trigonal symmetry; 

6 diagonal axes of binary symmetry; 

8 axial planes of symmetry; 

6 diagonal planes of symmetry. 

This symmetry, which is of the highest degree possible in 
solids with plane surfaces, defines the Normal Class of the Iso- 
metric System. Every crystal form and every combination of 
forms that belongs to this class must show its complete sym- 
metry. It is important to remember that in this class the three 
crystallographic axes are axes of tetragonal symmetry, since this 
fact distinguishes the class from all others and by means of it the 

crystallographic axes can be easily located and a crystal properly 
~ orientated. 

The forms of the Isometric System, Normal Class, are as 
follows: 

1. Cube or Hexahedron. The cube is a form composed of six 
square faces which make 90° angles with each other. Each face 
intersects one of the crystallographic axes and is parallel to the 
other two. Itssymbolis (100). Fig. 29 represents a simple cube. \ 


Fig. 29. Cube. Fig. 30. Octahedron. 


2. Octahedron. The octahedron is a form composed of eight 
equilateral triangular faces, each of which intersects all three of 
the crystallographic axes equally. Its symbol is (111). Fig. 30 
represents a simple octahedron and Figs. 31 and 32 show com- 
binations of a cube and an octahedron. When in combination 
‘ 
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the octahedron is to be recognized by its eight similar faces, each 

of which is equally inclined to the three crystallographic axes. 
It is to be noted that the faces of an octahedron truncate sym- 
metrically the corners of a cube. 


Fig. 31. Fig. 32. Fig. 33. 

Cube and Octahedron. Octahedron and Cube, Dodecahedron. 

3. Dodecahedron. The dodecahedron is a form composed of 
twelve rhombic-shaped faces. Each face intersects two of the 
crystallographic axes equally and is parallel to the third. Its 
symbol is (110). Fig. 33 shows a simple dodecahedron, Fig. 34 
shows a combination of dodecahedron and cube, Figs. 35 and 36 
combinations of dodecahedron and octahedron, and Fig. 37 a 
combination of cube, octahedron and dodecahedron. It is to be 
noted that the faces of a dodecahedron truncate the edges of 


both the cube and the octahedron. 


Fig. 34. Fig. 35. 
Cube and Dodecahedron. Octahedron and Dodecahedron. 


4. Tetraherahedron. The tetrahexahedron is a form com- 
posed of twenty-four isosceles triangular faces, each of which in- 
tersects one axis at unity, the second at some multiple, and is 
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parallel to the third. There are a number of tetrahexahedrons 
which differ from each other in respect to the inclination of 
their faces. Perhaps the one most common in occurrence has 
the parameter relations 1a, 2b, c, the symbol of which would 
be (210). The symbols of other forms are (310), (410), (320), 
etc. It is helpful to note that the tetrahexahedron, as its name 
indicates, is like a cube, the faces of which have been replaced by 
four others. Fig. 38 shows a simple tetrahexahedron and Fig. 39 
a cube with its edges beveled by the faces of a tetrahexahedron. 


Fig. 36. Fig. 37. 
Dodecahedron and Octahedron. Cube, Octahedron and Dodecahedron. 
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Fig. 38. Fig. 39. 

Tetrahexahedron. Cube and Tetrahexahedron. 


5. Trapezohedron or Tetragonal Trisoctahedron. The trapezo- 
hedron is a form composed of twenty-four trapezium-shaped 
faces, each of which intersects one of the crystallographic axes 
at unity and the other two at equal multiples. There are vari- 
ous trapezohedrons with their faces having different angles of 
inclination. A commen trapezohedron has for its parameters 
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la, 2b, 2c, the symbol for which would be (211). The symbols 
for other trapezohedrons are (311), (411), (322), ete. It will be 
noted that a trapezohedron is an octahedral-like form and may 
be conceived of as an octahedron, each of the planes of which has 
been replaced by three faces. Consequently it is sometimes 
called a tetragonal trisoctahedron. The qualifying word, tet- 
ragonal, is used to indicate that each of its faces has four edges 
and to distinguish it from the other trisoctahedral form, the 
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Fig. 40. 
Trapezohedron, 


Fig. 42. Fig. 43. 
Dodecahedron and Trapezohedron. Cube and Trapezohedron. 

description of which follows. Trapezohedron is the name, how- 
ever, most commonly used. The following are aids to the recog- 
nition of the form when it occurs in combinations: the three 
similar faces to be found in each octant; the relations of each 
face to the axes; and the fact that the middle edges between the 
three faces in any one octant go toward points which are equi- 
distant from the ends of the two adjacent crystallographic axes. 
Fig. 40 shows a simple trapezohedron, and Figs. 41 and 42 show 
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each a trapezohedron in combination with a dodecahedron. It 
is to be noted that the faces of the common trapezohedron (211) 
(Fig. 41) truncate the edges of the dodecahedron. Fig. 43 shows 
a combination of cube and trapezohedron. 

6. Trisoctahedron or Trigonal Trisoctahedron. The trisocta- 
hedron is a form composed of twenty-four isosceles triangular 
faces, each of which intersects two of the crystallographic axes 
at unity and the third axis at some multiple. There are various 
trisoctahedrons the faces of which have different inclinations. 
A common trisoctahedron has for its parameters la, 16, 2c, its 
symbol being (221). Other trisoctahedrons have the symbols 
(331), (441), (332), ete. It is to be noted that the trisoctahedron, 
like the trapezohedron, is a form that may be conceived of as an 
octahedron, each face of which has been replaced by three others. 
Frequently it is spoken of as the trigonal trisoctahedron, the 
modifying word indicating that its faces have each three edges 
and so differ from those of the trapezohedron. But when the 
word ‘‘trisoctahedron”’ is used alone it refers to this form. The 
following points would aid in its identification when it is found 
occurring in combinations: the three similar faces in each octant; 
their relations to the axes; and the fact that the middle edges 
between them go toward the ends of the crystallographic axes. 


/ Vig. 44, Fig. 45. 
Trisoctahedron, Octahedron and Trisoctahedron,. 


Fig. 44 shows the simple trisoctahedron and Fig. 45 a combina- 
tion of a trisoctahedron and an octahedron. It will be noted 
that the faves of the trisoctahedron bevel the edges of the octa- 
hedron. 
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7. Hexoctahedron. The hexoctahedron is a form composed of 
forty-eight triangular faces, each of which cuts differently on all 
three crystallographic axes. There are several hexoctahedrons, 
which have varying ratios of intersection with the axes. A 
common hexoctahedron has for its parameter relations la, 3b, 
3c, its symbol being (321). Other hexoctahedrons have the 
symbols (421), (531), (432), ete. It is to be noted that the hex- 


Fig. 46. Fig. 47. 
Cube and Hexoctahedron, 


Fig. 48. Fig. 49. 
Dodecahedron and Hexoctahedron. Dodecahedron, Trapezohedron and 
Hexoctahedron. 


octahedron is a form that may be considered as an octahedron, 
each face of which has been replaced by six others. It is to be 
recognized when in combination by the facts that there are six 
similar faces in each octant and that each face intercepts the 
three axes differently. Fig. 46 shows a simple hexoctahedron, 
Fig. 47 a combination of cube and hexoctahedron, Fig. 48 a 
combination of dodecahedron and hexoctahedron, and Fig. 49 a 
combination of dodecahedron, trapezohedron and hexoctahedron. 


a 
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Occurrence of the Above Forms. The cube, octahedron and 
dodecahedron are the most common of the isometric forms. 
The trapezohedron is also frequently observed on a few min- 
erals. The other forms, the tetrahexahedron, trisoctahedron and 
hexoctahedron, are rare and are ordinarily to be observed only 
as small truncations in combinations. 

The following is a list of the commoner minerals upon the 
crystals of which each form is prominent: 

Cube: Galena, halite, sylvite, fluorite, cuprite. 

Octahedron: Spinel, magnetite, franklinite, chromite. 

Dodecahedron: Magnetite, garnet. 

Trapezohedron: Leucite, garnet, analcite. 


Pyritohedral Class. 


The Pyritohedral Class is one of the subordinate divisions of 
the Isometric System. It differs from the Normal Class, since 
its crystals commonly show forms that do not possess as high 
a symmetry as those of that class. The name of the class is 
derived from that of its chief member, pyrite. 

Symmetry and Forms. The symmetry of the Pyritohedral 
Class is as follows: The three crystal axes are axes of binary 


hi 


Fig. 50. Fig. 51. 
Symmetry of Pyritohedral Class, Isometric System. 


symmetry; the four diagonal axes, each of which emerges in the 
middle of an octant, are axes of trigonal symmetry; the three 
axial planes are planes of symmetry (see Figs. 50 and 51). 

The characteristic forms of the Pyritohedral Class are as 
follows: 
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1. Pyritohedron or Pentagonal Dodecahedron. This form con- 
sists of twelve pentagonal-shaped faces, each of which intersects 
one crystallographic axis at unity, the second axis at some mul- 
tiple, and is parallel to the third. There are a number of pyrito- 
hedrons which differ from each other in respect to the inclination 
of their faces. Perhaps the most common in occurrence has 
the parameter relations la, 2b, »c, the symbol of which would 
be (210) (see Fig. 52). It is to be noted that the parameter rela- 
tions of the pyritohedron are the same as those of the tetra- 
hexahedron (see page 19). A pyritohedron may be considered 
as derived from a corresponding tetrahexahedron by the omission 
of alternate faces and the extension of those remaining. Fig. 53 


Fig. 52. Fig. 53. 
Pyritohedron. Showing Relation between Pyrito- 
hedron and Tetrahexahedron. 


shows the relations of the two forms, the shaded faces of the 
tetrahexahedron being those which when extended would form 
the faces of the pyritohedron. 

2. Diploid. The diploid is a rare form found only in this 
class. It is composed of twenty-four faces which correspond 
to one-half the faces of a hexoctahedron. Fig. 54 represents a 
diploid. 

In addition to the two forms described above, minerals of 
this class show also the cube, octahedron, dodecahedron, trapezo- 
hedron and trisoctahedron. Sometimes these forms may appear 
alone and so perfectly developed that they cannot be told from 
the forms of the Normal Class. This is often true of octahedrons 
of pyrite. Usually, however, they will show by the presence of 
striation lines or etching figures that they do not possess the 
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high symmetry of the Normal Class but conform rather to the 
symmetry of the Pyritohedral Class. This is shown in Fig. 55, 


which represents a cube of pyrite with characteristic striations, 
which are so disposed that the crystal shows the lower symmetry. 
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Fig. 54. Diploid. Fig. 55. Striated Cube. 
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Fig. 56. Cube and Pyritohedron, Fig. 57. Octahedron and Pyritohedron. 
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Fig. 58. Fig. 59. 
Octahedron and Pyritohedron. Pyritohedron and Octahedron. 
Fig. 56 represents a combination of cube and pyritohedron, in 
which it will be noted that the faces of the pyritohedron truncate 
unsymmetiically the edges of the cube. Figs. 57, 58 and 59 
represent combinations of pyritohedron and octahedron with 
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various developments. Fig. 60 shows a cube truncated with 
pyritohedron and octahedron. Fig. 61 represents a combination 
of cube and the diploid f (421). These figures should be studied 
in order to impress upon one’s mind the characteristic symmetry 
of the class. 

a 
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Fig. 60. Fig. 61. 
Pyritohedron, Cube and Octahedron. Diploid and Cube. 
The chief mineral of the Pyritohedral Class is pyrite; other much 


rarer members are smaltite, chloanthite, cobaltite, gersdorffite and 
sperrylite. 


ee 


Tetrahedral Class. 

Another subordinate division of the Isometric System is known 
as the Tetrahedral Class, deriving its name from its chief form, 
the tetrahedron. 
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Fig. 62. Fig. 63. 
Symmetry of Tetrahedral Class, Isometric System. 


Symmetry and Forms. The symmetry of this class is as 
follows: The three crystallographic axes are axes of binary sym- 
metry; the four diagonal axes are axes of trigonal symmetry; 
there are six diagonal planes of symmetry (see Figs. 62 and 63). 
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The characteristic forms of the Tetrahedral Class are as fol- 
lows: : 

1. Tetrahedron. The tetrahedron is a form composed of 
four equilateral triangular faces, each of which intersects all of © 
the crystallographic axes at equal 
lengths. It can be considered as 
derived from the octahedron of the 
Normal Class by the omission of the 
alternate faces and the extension of 
the others, as shown in Fig. 64. 
This form, shown also in Fig. 65, is 
known as the positive tetrahedron 
and has for its symbol (111). If 

Fig. 64. the other four faces of the octa- 

Showing Relation between Octa- hedron had been extended, the 
: tetrahedron resulting would have 

had a different orientation, as shown in Fig. 66. This is known 
as the negative tetrahedron and has for its symbol (111). The 


Fig. 65. Fig. 66. Fig. 67. 
Positive Tetrahedron. Negative Tetrahedron. Positive and Negative 
Tetrahedrons. 


positive and negative tetrahedrons when occurring alone are 
geometrically identical, and the only reason for recognizing the 
possibility of the existence of two different orientations lies in 
the fact that at times they may occur truncating each other, 
as shown in Fig. 67. If a positive and negative tetrahedron 
occurred together with equal development, the resulting crystal 
could not be distinguished from an octahedron, unless, as is 
usually the case, the faces of the two forms showed different lus- 
ters, etchings or striations that would serve to differentiate them. 
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Other possible but rare tetrahedral forms are the following: 
The ,tristetrahedron (Fig. 68), the faces of which correspond to 
one-half the faces of a trapezohedron; the deltoid dodecahedron 
(Fig. 69), the faces of which correspond to one-half those of 
the trisoctahedron; the hexakistetrahedron (Fig. 70), the faces 
of which correspond to one-half the faces of the hexoctahedron. 


Fig. 68. Fig. 69. Fig. 70. 


Tristetrahedron. Deltoid Dodecahedron. Hexakistetrahedron. 
20 ee NY; 
: 
Fig. 71. Fig. 72. 
Cube and Tetrahedron. Tetrahedron and Cube. 


Fig. 73. Fig. 74. 
Tetrahedron and Dodecahedron. Dodecahedron, Cube and Tetrahedron. 


The cube and dodecahedron are also found on minerals of the 
Tetrahedral Class. Figs. 71 and 72 show combinations of cube 
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and tetrahedron. It will be noted that the tetrahedron faces 
truncate the alternate corners of the cube, or that the cube faces 
truncate the edges of a tetrahedron. Fig. 73 shows the com- 
bination of tetrahedron and dode- 
cahedron. Fig. 74 represents a4 
combination of cube, dodecahedron 
and tetrahedron. Fig. 75 shows a 
combination of tetrahedron and 
tristetrahedron. 

Tetrahedrite and the related ten- 
nantite are the only common min- 
erals that ordinarily show distinct 


Fig. 75. Tetrahedron and a 
Tristetrahedron. tetrahedral forms. Sphalerite oc- 


casionally exhibits them, but commonly its crystals are quite 
complex and distorted. 


Characteristics of Isometric Crystals. 


The striking characteristics of isometric crystals which would 
aid in their recognition may be summarized as follows: 

The crystals are equidimensional in three directions at right 
angles to each other. These three directions in crystals of the 
Normal Class are axes of tetragonal symmetry. The crystals 
commonly show faces that are squares or equilateral triangles 
or these figures with truncated corners. They are characterized 
by the large number of similar faces, the smallest number on 
any form of the Normal Class being six. Every form by itself 
would make a solid. 

Important Isometric Angles. Below are given various inter- 
facial angles which may assist in the recognition of the commoner 
isometric forms: 

Cube (100) A cube (010) = 90° 0’ 0”, 

Octahedron (111) A octahedron (111) = 70° 31’ 44”. 

Dodecahedron (110) A dodecahedron (101) = 60° 0’ 0”. 

Cube (100) A octahedron (111) = 54° 44’ 8’, 

Cube (199) A dodecahedron (110) = 45° 0’ 0’. 

Octahedron (i11) A dodecahedron (110) = 35° 15’ 52”, 
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VI. TETRAGONAL SYSTEM. 


Crystallographic Axes. The crystallographic axes of the 
Tetragonal System are three in number and make right angles 
with each other. The two horizontal axes are equal in length 
and interchangeable, but the vertical axis is of some different 
length which varies with each tetragonal mineral. Fig. 76 
represents the crystallographic axes 
for the tetragonal mineral zircon. 
The length of the horizontal axes _, 
is taken as unity, and the relative ~ 
length of the vertical axis is expressed 
in terms of the horizontal. This 
length has to be determined for each 
tetragonal mineral by measuring the 
interfacial angles on a crystal and making the proper calcu- 
lations. For zircon the length of the vertical axis is expressed 
as c = 0.640. The proper orientation of the crystallographic 
axes and the method of their notation is like that of the Iso- 
metric System and is shown in Fig. 76. 


Normal Class. 


Symmetry and Forms. The symmetry of the Normal Class 
of the Tetragonal System is as follows: The vertical crystal- 
lographic axis is an axis of tetragonal symmetry. There are 


Fig. 76. Tetragonal Axes, 


_ 


Fig. 77. Fig. 78. 
Symmetry of Normal Class, Tetragonal System, 


four horizontal axes of binary symmetry, two of which are coin- 
cident with the crystallographic axes, while the other two bisect 
the angles between these. Fig. 77 shows the axes of symmetry. 
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There are four vertical and one horizontal planes of symmetry. 
Each vertical plane of symmetry passes through one of the 
horizontal axes of symmetry. The position of the planes of. 
symmetry is shown in Fig. 78. 

The forms of the Normal Class, Tetragonal System, are as 
follows: 

1. Prism of First Order. The prism of the first order consists 


of four rectangular vertical faces, each of which intersects the. 


two horizontal crystallographic axes equally. Its symbol is (110). 
The form is represented in Fig. 79. 
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Fig. 79. Fig. 80. Fig. 81. 
First Order Prism. Second Order Prism. Ditetragonal Prism. 
2. Prism of Second Order. The prism of the second order 
consists of four rectangular vertical faces, each of which inter- 
sects one horizontal crystallographic axis and is parallel to the 
other two axes. Its symbol is (100). The form is represented 
in Fig. 80. 

3. Ditetragonal Prism. The ditetragonal prism is a form con- 
sisting of eight rectangular vertical faces, each of which inter- 
sects the two horizontal crystallographic axes unequally. There 
are various ditetragonal prisms, depending upon their differing 
relations to the horizontal axes. The symbol of a common 
form is (210), which is represented in Fig. 81. 

4. Pyramid of First Order. The pyramid of the first order is a 
form consisting of eight isosceles triangular faces, each of which 
intersects a!! three crystallographic axes, the intercepts upon 
the two horizontal axes being equal. There are various pyramids 
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of the first order, depending upon the inclination of their faces. 
The unit pyramid which intersects all the axes at their unit 
lengths is the most common, its symbol being (111). Symbols 
for other pyramids of the first order are (221), (331), (112), 
(113), ete. Fig. 82 represents the unit pyramid on zircon. 

5. Pyramid of Second Order. The pyramid of the second 
order is a form composed of eight isosceles triangular faces, each 
of which intersects one horizontal axis and the vertical axis and 
is parallel to the second horizontal axis. There are various pyra- 
mids of the second order, with different intersections upon the 
vertical axis. The most common form is the unit pyramid, 


Fig. 82. Fig. 83. Figs 84. 
First Order Pyramid. Second Order Pyramid. Ditetragonal Pyramid. 


which has (101) for its symbol. Other pyramids of the second 
order would have the symbols (201), (301), (102), (103), ete. 
Fig. 83 represents a unit pyramid of the second order upon 
zircon. 

6. Ditetragonal Pyramid. The ditetragonal pyramid is a form 
composed of sixteen isosceles triangular faces, each of which in- 
tersects all three of the crystallographic axes, cutting the two 
horizontal axes at different lengths. There are various ditet- 
ragonal pyramids, depending upon the different axial intersec- 
tions possible. One of the most common is the pyramid having 
(311) for its symbol. This is shown as it would appear upon 
zircon in Fig. 84. 
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7. Basal Pinacoid. The basal pinacoid, basal plane, or base, 
as it is variously called, is a form composed of two horizontal 
faces. Its symbol is (001). It is shown in combination with a 
prism in Figs. 79, 80 and 81. 
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Fig. 85. Zircon. Fig. 86. Zircon. Fig. 87. Zircon. Fig. 88. Zircon. 
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Fig. 91. Rutile. 


Fig. 92. Cassiterite. Fig. 98. Apophyllite. Fig. 94. Apophyllite. 


Tetragonal Combinations. The different pyramids are the 
only tetragonal forms that can occur alone, and even they are 
ordinarily fuund in combination with other forms. Character- 
istic combinations are represented in Figs. 85-94. 
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Sphenoidal Class. 


The Sphenoidal Class corresponds in the Tetragonal System 
to the Tetrahedral Class in the Isometric System. It is charac- 
terized by the following symmetry: The three crystallographic 
axes are axes of binary symmetry (see Fig. 95), and there are two 
vertical diagonal planes of symmetry (see Fig. 96). 


HM 
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Fig. 95. Fig. 96. 
Symmetry of Sphenoidal Class, Tetragonal System. 

Sphenoid. The characteristic form of the class is known as 
a sphenoid (from a Greek word meaning azlike). It consists of 
four isosceles triangular faces which intersect all three of the 
crystallographic axes, the intercepts on the two horizontal axes 
being equal. The faces correspond in their position to the alter- 
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Fig. 99. 


Fig. 97. Fig. 98. 
Positive and Negative Sphenoids. 


Sphenoid. Sphenoid. 
nating faces of the tetragonal pyramid of the first order. There 
nay be different sphenoids, depending upon their varying inter- 
ections with the vertical axes. Two different sphenoids are 
shown in Figs. 97 and 98. There may also be a positive and a 
1egative sphenoid, the combination of the two being represented 


n Fig. 99. 
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The sphenoid differs from the tetrahedron in the fact that its 
vertical crystallographic axis is not of the same length as the 
horizontal axes. The only common sphenoidal mineral is chal- 
copyrite. The length of the vertical axis in chalcopyrite is very 
close to that of the horizontal axes, c = 0.985. In the ease of 
the unit sphenoid, therefore, it would require accurate measure- 
ments in order to differentiate it from an isometric tetrahedron. 
Chalcopyrite crystals ordinarily show only the unit sphenoid 
(Fig. 98), but at times show a steeper sphenoid (Fig. 97). 


Tri-Pyramidal Class. 


Another division of lower symmetry of the Tetragonal System 
is known as the Tri-pyramidal Class. It is characterized by a 
form known as the pyramid of. the third order. 
\¢ This form consists of eight faces which correspond 
in their position to one-quarter of the faces of a 
ditetragonal pyramid. The minerals found in this 
class are few and rare. Moreover, their crystals 
seldom show the faces of the pyramid of the third 
order, and when these do occur they are usually 
quite small. Therefore it seems hardly necessary 
in this place to consider this class in greater detail. 
Fiz. 100. Fig. 100 is of a crystal of scapolite, upon which the 
Scapolite. faces of the third-order pyramid z are shown. 


Characteristics of Tetragonal Crystals. 


, since the only common tetragonal mineral that does not be- 
long to the Normal Class is chalcopyrite, which, moreover, is to 
be easily recognized by its general physical characteristics, we 
may confine ourselves here to the consideration only of the 
crystals of the Normal Class. 

The striking characteristics of tetragonal crystals may be 
summarized as follows: One axis of tetragonal symmetry; the 
length of the crystal parallel to this axis is usually greater or less 
than its other dimensions; the cross section of a crystal when 
viewed in the direction of the axis of tetragonal symmetry con- 
sists usually of a square or a truncated square. 
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VII. HEXAGONAL SYSTEM. 


Crystallographic Axes. The crystallographic axes of the 
hexagonal system are four in number. Three of these lie in the 
horizontal plane, while the fourth is vertical. The three hori- 
zontal axes are of equal length and interchangeable. They 
make angles of 60° and 120° with each other. The vertical axis 
varies in its relative length for each hexagonal mineral, and this 
is expressed in terms of the length of the horizontal axes, which 
is taken as unity. Thus in the case of beryl, the vertical axis, 
designated as c, has a length which in relation to the length of 
the horizontal axes can be expressed asc = 0.499. 


+as -a; 
—de +e 
+1 ~adz 
Fig. 101. Fig. 102. 


Hexagonal Axes. 


When properly orientated, one of the horizontal crystallo- 
sraphic axes is parallel to the observer, and the other two make 
30° angles on either side of a line perpendicular to him. Fig. 
{01 shows the proper position of the horizontal axes when 
viewed in the direction of the vertical axis. As the three hori- 
;ontal axes are interchangeable with each other, they are usually 
lesignated a, a@,anda;. Note that a is to the left of the observer 
vith its positive end at the front, that a2 is parallel to the ob- 
erver and its positive end is at the right, while a; is to the right 
f the observer and its positive end is at the back. Fig. 102 
hows the four axes in clinographic projection. In giving the 
ndices of any face upon a hexagonal crystal four numbers must 
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be given, since there are four axes. The numbers referring 
to the intercepts of the face with the three horizontal axes are 
given first in their proper order, while the number referring to 
the intercept on the vertical axis is given last. 


Normal Class. 


Symmetry and Forms. The symmetry of the Normal Class 
of the Hexagonal System is as follows: The vertical crystallo- 
graphic axis is an axis of hexagonal symmetry. There are six 
horizontal axes of binary symmetry, three of them being coin- 
cident with the crystallographic axes and the other three lying 
midway between them (see Fig. 103). There is a horizontal 
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Fig. 103. Fig. 104. 
Symmetry of Normal Class, Hexagonal System. 


plane of symmetry and six vertical planes of symmetry (see 
Fig. 104). The forms of the Normal Class are as follows: 

1. Prism of First Order. This is a form consisting of six 
rectangular vertical faces each of which intersects two of the 
horizontal crystallographic axes equally and is parallel to the 
third. Fig. 105 shows the prism of the first order. The symbol 
for the form is (1010). 

2. Prism of Second Order. This is a form consisting of six 


EEE ee ert 


rectangular vertical faces, each of which intersects two of the 


horizontal axes equally and the intermediate horizontal axis at 
one-half this distance. Fig. 106 shows the prism of the second 
order. The symbol for the form is (1120). 
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3. Dihexagonal Prism. The dihexagonal prism has twelve rec- 
tangular vertical faces, each of which intersects all three of the 
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Fig. 105. Fig. 106. Fig. 107. 
Prism of First Order. Prism of Second Order. Dihexagonal Prism. 


horizontal crystallographic axes at different lengths. There are 
various dihexagonal prisms, depending upon their differing rela- 
tions to the horizontal axes. The symbol of a common dihexago- 
nal prism is (2130) (see Fig. 107). 


Fig. 108. Fig. 109. Fig. 110. 
Pyramid of First Order. Pyramid of Second Order. Dihexagonal Pyramid. 


4. Pyramid of First Order. This form consists of twelve 
sosceles triangular faces, each of which intersects two of the 
\orizontal crystallographic axes equally, is parallel to the third 
\orizontal axis and intersects the vertical axis (see Fig. 108). 
There are various pyramids of the first order possible, depending 
pon the inclination of their faces. The unit form would have 


he symbol (1011). 
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5. Pyramid of the Second Order. This is a form composed of 
twelve isosceles triangular faces, each of which intersects two of 
the horizontal axes equally, the third and intermediate horizon- 
tal axis at one-half this distance, and also intersects the vertical 
axis (see Fig. 109). There are various pyramids of the second 
order possible, depending upon the inclination of their faces. A 
common form would have for its symbol (1122). 

6. Dihexagonal Pyramid. The dihexagona! pyramid is a form 
of twenty-four isosceles triangular faces, each of which intersects 
all three of the horizontal axes differently and intersects also the 
vertical axis. This form is shown in Fig. 110. There are differ- 
ent dihexagonal pyramids which vary in their intercepts, one of 
the most common having for its symbol (2131). 

7. Basal Pinacoid. The basal pinacoid is a form composed 
of two horizontal faces. It is shown in combination with the 
different prisms in Figs. 105, 106 and 107. Its symbol is (0001). 
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Fig. 111. Fig. 112. Fig. 113. Wig. 144. 
Beryl Crystals. 


Figs. 111-114 show various combinations of the forms of this 
class. 


Tri-Pyramidal Class. 


A division of the Hexagonal System showing lower symmetry 
than that of the Normal Class is known as the Tri-pyramidal 
Class. It has a vertical axis of hexagonal symmetry and a 
horizontal plane of symmetry. It is characterized by the form 
known as the pyramid of the third order. This form consists of 
twelve faces, which correspond in their position to one-quarter 
of the faces of a dihexagonal pyramid. The minerals of the 
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Apatite Group are the only ones of importance in this class, and 
upon their crystals the pyramid of the third order is rarely to be 
seen. When it is observed it shows usually only small faces. 
Fig. 115 represents a complex crystal of apatite with the faces 
of a third-order pyramid (x) upon it. 


Fig. 115. Apatite. Fig. 116. Zincite. 


Hemimorphic Class. 

The crystals of certain rare minerals show the forms of the 
Normal Class but with hemimorphic development. A hemi- 
morphic crystal is one that shows different forms or combinations 
of forms at the opposite ends of a symmetry axis. Fig. 116 
represents a crystal of zincite with a prism terminated by a 
pyramid above and a basal pinacoid below. 


Rhombohedral Class. Normal Division. 


The forms of this class are to be referred to the hexagonal 
crystallographic axes, but show a lower symmetry than those of 
the Normal Class. 


Fig. 117. Fig. 118. 
Symmetry of Rhombohedral Class, Hexagonal System. 
Symmetry and Forms. The vertical crystallographic axis 
is one of trigonal symmetry, and the three horizontal crystallo- 
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graphic axes are axes of binary symmetry (see Fig. 117). There 
are three vertical planes of symmetry bisecting the angles be- 
tween the horizontal axes (see Fig. 
118). é 

1. Rhombohedron. The rhomboh 
dron is a form consisting of six rhom- 
bic-shaped faces, which correspond in 
their position to the alternate faces of 
a hexagonal pyramid of the first order. 
The relation of these two forms to each 
Serge ee Ne other is shown in Fig. 119. There may 

tween First Order Pyramid be two different orientations of the 

as Sie pet eee rhombohedron. A positive rhombo- 
hedron is shown in Fig. 120 and a negative rhombohedron in 
Fig. 121. It is to be noted that when properly orientated the 


Fig. 120. Positive Rhombohedron. Fig. 121. Negative Rhombohedron. 


positive rhombohedron has one of its faces, and the negative 
rhombohedron one of its edges, toward the observer. There 
are various rhombohedrons, which differ from each other in 
the inclination of their faces. The symbol of the unit positive 
rhombohedron is (1011) and of the unit negative rhombohedron 
(0111). Characteristic combinations of positive and negative 
rhombohedrons with each other and with other hexagonal forms 
are shown in Figs. 122-130. 

2. Scalenohedron. This form consists of twelve scalene tri- 
angular faces. These faces correspond in their position to the 
alternate pairs of faces of a dihexagonal pyramid., The relation 
of the two forms to each other is shown in Fig. 131. The striking 
characteristics of the scalenohedron are the zigzag middle edges 
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Fig. 122. Calcite. Fig. 123. Calcite. Fig. 124. Calcite. 


Fig. 125. Calcite. Fig. 126. Calcite. 


Fig. 129. Corundum, Fig. 130. Corundum. 


Fig. 131. Showing Relation between Dihex- Fig. 132. Scalenohedron. 
~ ~~“agonal Pyramid and Scalenohedron. 
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Fig. 133. Calcite. 
. 
m 
“é 
Fig. 135. Calcite. Fig. 136. Calcite. Fig. 137. Tourmaline, 


Fig. 138, Tourmatine. Fig. 139. Tourmaline. Fig. 140 Tourmaline 
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which differentiate it from an ordinary pyramid and the alter- 
nating, relatively obtuse and acute angles over the edges that 
meet at the vertices of the form. There are many different 
possible scalenohedrons, depending upon the varying slope of 
their faces. A common scalenohedron having the symbol (2131) 
is represented in Fig. 132. Characteristic combinations of sca- 
lenohedrons with other forms are shown in Figs. 133-136. 


Rhombohedral Class. Hemimorphic Division. 


Tourmaline crystals show the forms of the Rhombohedral 
Class but with hemimorphic development. They are also com- 
monly characterized by the presence of three faces of a triangular 
prism. Figs. 137-140 represent characteristic hemimorphic tour- 
maline crystals. 


Rhombohedral Class. Tri-Rhombohedral Division. 


This is a subdivision of the Rhombohedral Class, which con- 
tains only a few and rare minerals. It is characterized by the 
forms known as the rhombohedrons of the second and third 
orders. The faces of a second-order rhombohedron correspond 
in position to one-half the faces of the second-order hexagonal 
pyramid, and those of the third order to one-quarter of the faces 
of the dihexagonal pyramid. 


Rhombohedral Class. Trapezohedral Division. 


The only important mineral of this class that is commonly 
found in crystals is quartz, and its crystals as a rule do not show 
forms other than those of the Rhombohedral Class, Normal 
Division. At times, however, small faces may occur of a form 
known as a trapezohedron, which shows a lowersymmetry. This 
form has six faces, which correspond in their position to one-quar- . 
ter of the faces of a dihexagonal pyramid. The quartz crystals 
are said to be right- or left-handed, depending upon whether these 
faces are to be observed truncating the edges between prism and 
rhombohedron faces at the right or at the left. Figs. 141 and 
142 represent these two types. 
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Fig. 141. Fig. 142. 
Right-handed Quartz. Left-handed Quartz, 


Characteristics of Hexagonal Crystals. 
Hexagonal crystals are most readily recognized by the follow- 
ing facts: The vertical crystallographic axis is one of either 
hexagonal or trigonal symmetry. The crystals are commonly 


prismatic in habit. When viewed in the direction of the vertical 
axis, they usually show a hexagonal cross section. 


TLA erA ‘ 
U-'S ~~aat. ORFHORHOMBIC SYSTEM. 


Crystallographic Axes. The crystallographic axes of the 
orthorhombic system are three in number. They make 90° 
angles with each other and are of unequal lengths. The rela- 
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Fig. 143. Fig. 144, Fig. 145, 
Orthorhombie Axes. Axes of Symmetry. Planes of Symmetry, 


Orthorhombie System. Orthorhombiec System. 
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tive lengths of the axes, or the axial ratio, has to be deter- 
mined for each orthorhombic mineral. Any one of the three 
axes may be chosen as the vertical or c axis. The longer of the 
other two is taken as the 6 axis and is called the macro-azis. 
The shorter of the horizontal axes is taken as the a axis and is 
called the brachy-aris. The length of the b axis is taken as unity 
and the relative lengths of the a and c axes are given in terms 
of it. Fig. 143 represents the crystallographic axes for the 
orthorhombic mineral sulphur, whose axial ratio would be as 
follows: a:6:c = 0.813: 1: 1.903. 


Normal Class. 


Symmetry and Forms. The symmetry of the Normal Class, 
Orthorhombic System, is as follows: The three crystallographic 
axes are axes of binary symmetry and the three axial planes are 
planes of symmetry (see Figs. 144 and 145). 

1. Pyramid. An orthorhombic pyramid has eight triangular 
faces, each of which intersects all three of the crystallographic 
axes. There are various different pyramids with varying inter- 
cepts on the axes. A unit pyramid (see Fig. 146) would have 
for its symbol (111). 


V4 


Fig. 146. Pyramid. Fig. 147. Prism and Base. 


2. Prism. An orthorhombic prism has four vertical rectan- 
gular faces, each of which intersects the two horizontal axes. 
There are various prisms, depending upon their differing rela- 
tions to the horizontal axes. A unit prism (see Fig. 147) would 


have for its symbol (110). 
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3. Macrodome. A macrodome is a form consisting of four 
rectangular faces, each of which intersects the a and ¢ axes and 
is parallel to the b or macro-axis. It is named from the axis to 
which it is parallel. There are various macrodomes with differ- 
ent axial intercepts. A unit form (see Fig. 148) would have 
for its symbol (101). 


Fig. 148. Fig. 149. 
Macrodome and Brachypinacoid. Brachydome and Macropinacoid. 


4. Brachydome. The brachydome consists of four rectangular 
faces, each of which intersects the b and ¢ axes and is parallel 
to the a or brachy-axis. There are various brachydomes with 
different axial intercepts. A unit form (see Fig. 149) would 
have for its symbol (011). 

5. Macropinacoid. 'The macropinacoid has two parallel faces, 
each of which intersects the a axis and is parallel to the 6 and ¢ 
axes. It derives its name from the 
fact that it is parallel to the b or 
macro-axis. It is represented in Fig. 
150 and its symbol is (100). 

6. Brachypinacoid. This is a form 
consisting of two parallel faces, each 
of which intersects the 6 axis and is 
parallel to the a (brachy) and the c 


Fig. 150. : ees 
Sfanpbinaccid. Brachypinacoid, @Se8a) ume represented in Fig. 150 


and Basal Pinacoid. and its symbol is (010). 
7. Basal Pinacoid. The basal pinacoid is a form consisting 
of two herizontal faces, It is represented in Fig. 150 and its 
symbol is (001). 
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Fig. 151. Sulphur. Fig. 152. Sulphur. Fig. 153. Staurolite. 


Fig. 156. Topaz, 


Fig. 161. Celestite, 
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Combinations. Practically all orthorhombic crystals consist 
of combinations of two or more forms. Characteristic com- 
binations of the various forms are given in Figs. 


(ry) 151-161. 


| The only orthorhombic mineral of importance 
belonging to this class is calamine. When its 
1S crystals are doubly terminated they show dif- 
erent forms at either end of the vertical axis. 


Fig. 162. Fig. 162 represents a characteristic crystal. 
Calamine. 


Hemimorphic Class. 


Characteristics of Orthorhombic Crystals. 


The most distinguishing characteristics of orthorhombic crys- 
tals are as follows: The three chief directions at right angles 
to each other are of different lengths. These three directions 
are axes of binary symmetry. The crystals are commonly pris- 
matic in their development and show usually cross sections that 
are either rectangles or truncated rectangles. 


IX. MONOCLINIC SYSTEM. 


Crystallographic Axes. The crystallographic axes of the 
Monoclinic System are three in number. They are of unequal 
lengths. The axes a and b, and 6 and c, make 90° angles with 
each other, but a and c make some oblique angle with each 
other. The relative lengths of the axes and the angle between 
the a and ¢ axes vary for each monoclinic mineral and have to be 
determined in each case from appropriate measurements. The 
a axis is known as the clino-axis, while the b axis is known as 
the ortho-axis. The length of the b axis is taken as unity and the 
lengths of the a and ¢ axes are expressed in terms of it. When 
properly orientated the c axis is vertical, the b axis is horizontal 
and parallel to the observer, and the a axis is inclined down- 
ward toward him. The smaller of the two supplementary 
angles that a and c make with each other is designated as 8. 


MONOCLINIC SYSTEM dl 


Fig. 163 represents the crystallographic axes of the monoclinic 
mineral orthoclase, the axial constants of which are expressed 
as follows: a:b: c = 0.658; 1: 0.555; 6 = 63° 57’. 


Fig. 163. Monoclinic Axes. 


Normal Class. 


Symmetry and Forms. The symmetry of the Normal Class 
of the Monoclinic System is as follows: The crystallographic 
axis b is an axis of binary symmetry and the plane of the a and 


= 


Fig. 164. Fig. 165. 
Symmetry of Monoclinic System. 


c axes is a plane of symmetry (see Figs. 164 and 165). The 
forms are as follows: 

1. Pyramid. A monoclinic pyramid is a form consisting of 
four triangular faces, each of which intersects all three of the 
crystallographic axes. There are different pyramids, depending 
upon varying axial intercepts. There are, further, two inde- 
pendent types of monoclinic pyramids, depending upon whether 
the two faces on the upper half of the crystal intersect the 


52 MANUAL OF MINERALOGY 


positive or the negative end of the a axis. A unit pyramid of 
the first of these types is shown in Fig. 166 and has for its symbol 
(111). A unit pyramid of the second of these types is repre- 
sented in Fig. 167 and has for its symbol (111). Fig. 168 shows 
these two types in combination with each other. It should be 
emphasized that a monoclinic pyramid consists of only four 
faces, two of which are to be found intersecting the upper end 
of the c axis and the other two intersecting its lower end. The 
two types described above are entirely independent of each other. 


Fig. 166. Fig. 167. Fig. 168. 
Monoclinic Pyramids. 


2. Prism. The monoclinic prism has four vertical rectangular 
faces, each of which intersects the a and } axes, There are 
various prisms with different axial intercepts. A unit prism is 
represented in Fig. 169 and has for its symbol (110). 

3. Orthodome. An orthodome consists of two parallel faces, 
each of which intersects the a and c axes and is parallel to the 6 
or ortho-axis. Its name is derived from that of the axis to which 
it is parallel. There are different orthodomes with different 
axial intercepts. There are also two distinct and independent 
types of orthodomes, depending upon whether the face upon the 
upper end of the crystal intersects the positive or negative end 
of the a axis. These two types of orthodomes are represented 
in combination in Fig. 170, but it should be emphasized that they 
are entirely independent of each other. The symbol of the unit 
orthodome in front is (101) and that of the one behind is (101). 

4, Clinodome. The clinodome is a form having four faces, 
each of which intersects the b and c axes and is parallel to the a 
or clino-axis, There are various clinodomes with differing axial 
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intercepts. A unit form is represented in Fig. 171 and would 
have for its symbol (011). 

5. Orthopinacoid. The orthopinacoid has two parallel faces, 
each of which intersects the a axis and is parallel to the b and c 
axes. It derives its name from the fact that it is parallel to the 
6 or ortho-axis. It is represented in bean 171 and its symbol is 
(100). 

6. Clinopinacoid. The clinopinacoid consists of two parallel 
faces, each of which intersects the b axis and is parallel to the a 
(clino) and the c axes. It is represented in Fig. 170 and its 
symbol is (010). 


Fig. 170. Fig. 171. 
Orthodomes and Clinopinacoid. Clinodome and 
Orthopinacoid. 


7. Basal Pinacoid. The basal pinacoid is a form consisting 
of two parallel faces, each of which intersects the vertical axis 
and is parallel to the a and b axes. It is represented in Fig. 169 
and its symbol is (001). 

Monoclinic Combinations. Characteristic combinations of the 
forms described above are given in Figs. 172-179. ; 


Characteristics of Monoclinic Crystals. 


Monoclinic crystals are to be distinguished chiefly by their 
low symmetry. The fact that they possess but one plane of 
symmetry and one axis of binary symmetry at right angles to 
it would serve to differentiate them from the crystals of all 
other systems and classes. Usually the inclination of the crystal 
faces which are parallel to the clino-axis is marked. 
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Fig. 172. Fig. 173. Fig. 174. Fig. 175. 
Pyroxene. Amphibole. 


wives 


Fig. 176. Fig. 177. Fig. 178. Fig. 179. 
Gypsum. Orthoclase. 


X. TRICLINIC SYSTEM. 


Crystallographic Axes. The crystallographic axes of the 
Triclinic System are three in number. They are of unequal 
lengths and make oblique angles with each other. The axial 
directions for each triclinic mineral are chosen arbitrarily, but in 
such a way as to yield the simplest relations. Any one of them 
may be taken as c, the vertical axis. The longer of the other 
two is designated as the 6 or macro-axis, while the shorter is 
called a or the brachy-axis. The relative lengths of the three 
axes and the angles which they make with each other have to 
be calculated for each mineral from appropriate measurements. 
The angles which the different axes make with each other are 
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designated respectively as a, 6 and y (see Fig. 180). For ex- 

ample, the crystal constants of the triclinic mineral axinite are 

as follows: a:b: c = 0.482: 1: 0.480; a = 82° 54’; 6 = 91° 52’: 

y = 131° 32’. 
Normal Class. 

Symmetry and Forms. The symmetry of the Normal Class 
of the Triclinic System consists only in a center of symmetry 
(see Fig. 5, page 8). It has no axes or planes of symmetry. 
All forms of the Triclinic System consist of two similar and paral- 
lel faces. In this respect all triclinic forms might be spoken of 
as pinacoids. They are, however, usually designated as pyramids 
when their faces intersect all three axes, as prisms or domes 
when they intersect two axes and as pinacoids when they inter- 
sect but one axis. 


Fig. 180. Fig. 181. Fig. 182. 
Triclinic Axes. Pyramids. Prisms and Basal Pinacoid. 

1. Pyramid. A triclinic pyramid consists of: two parallel 
faces, each of which intersects all three crystallographic axes. 
There are four possible types, depending upon the octants in 
which the faces lie. Fig. 181 shows a combination of four unit 
pyramids. 

2. Prisms. A triclinic prism consists of two parallel faces, 
each of which intersects the a and b axes and is parallel to the 
c axis. There are two possible types, a combination of which 
is shown in Fig. 182. 

3. Domes. A triclinic dome consists of two similar parallel 
faces, each of which intersects the c axis and either the a or b 
axes and is parallel to the other. They are spoken of as either 
macro- or brachydomes, depending upon the axis to which they 
are parallel. There are two types of each. Fig. 183 represents 


56 MANUAL OF MINERALOGY 


a combination of the two types of macrodome and Fig. 184a — 
combination of the two brachydomes. 


wee 
Fig. 183. Fig. 184. Fig. 185. 
Macrodomes and Brachydomes and Macropinacoid, Brachypin- 
Brachypinacoid. Macropinacoid. acoid, and Basal Pinacoid. 


ys 


Fig. 186. Fig. 187. Fig. 188. 
Axinite. Rhodonite. Chalcanthite. 


4, Pinacoids. A triclinic pinacoid is a form consisting of two 
parallel faces, each of which intersects one crystallographic axis 
and is parallel to the other two. They are designated as the 
macropinacoid with the symbol (100), as the brachypinacoid 
with the symbol (010), and as the basal pinacoid with the symbol 
(001). A combination of the three forms is shown in Fig. 185. 

Triclinic Combinations. Figs. 186-188 represent characteristic 
triclinic crystals. 


Characteristics of Triclinic Crystals. 


There are only a few triclinic minerals and they seldom show 
distinct and well-developed crystals. When such crystals do 
occur they are to be recognized by the fact that they have no 
plane or axis of symmetry and by the fact that each form consists 
of only two similar and parallel faces. 


Il. GENERAL PHYSICAL PROPERTIES 
OF MINERALS. 


I. STRUCTURE OF MINERALS. 


Ir by the phrase “ structure of minerals’’ is meant their internal 
or molecular structure, all minerals may be included in one of 
two classes: (1) Crystalline; (2) Amorphous. With only a few 
exceptions, minerals are crystalline in their structure. This does 
not signify, however, that these minerals necessarily occur in 
distinct crystals, but only that their internal structure is such 
that they may under favorable circumstances definitely crystal- 
lize. The few mineral species that are classified as amorphous 
possess no regular internal structure and therefore cannot crys- 
tallize. 

Commonly, however, the expression ‘‘structure of minerals”’ 
refers to their outward shape and form. Various descriptive 
terms are used in this connection that will need short definitions. 

1. When a mineral consists of distinct crystals the follow- 
ing terms may be used: 

a. Crystallized. In definite crystals (see A, pl. II). 

b. Acicular. In slender needlelike crystals. 

c. Capillary. In hairlike crystals. 

d. Filiform. In threadlike crystals. 

e. Dendritic. Arborescent, in slender divergent branches, 
somewhat plantlike, made up of more or less distinct crystals. 

f. Reticulated. Latticelike groups of slender crystals. 

g. Divergent or Radiated. Radiating crystal groups (see C, 
pl. Il). 

—h. Drusy. A surface is drusy when covered with a layer of 


very small crystals. 
57 
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2. When a mineral consists of columnar individuals the 
following terms may be used: 

a. Columnar. In stout columnlike individuals. 

b. Fibrous. In slender columnar individuals. The fibers 
may be parallel or radiated (see D, pl. II.) 

c. Stellated. When the radiating individuals form starlike or 
circular groups. 

d. Globular. When the radiating individuals form spherical 
or hemispherical groups. 

e. Botryoidal. When the globular forms are in groups. The 
word is derived from the Greek for a “bunch of grapes” (see 
B, pl. ITD). 

f. Reniform or Mammillary. When a mineral is in broad 
rounded masses resembling in shape either a kidney or mammz 
(see A, pl. IIT). 

3. When a mineral consists of scales or lamella. 

a. Foliated. When a mineral separates easily into plates or 
leaves. 

b. Micaceous. Similar to foliated but the mineral can be split 
into exceedingly thin sheets, as in the micas. 

c. Lamellar or tabular. When a mineral consists of flat plate- 
like individuals superimposed upon and adhering to each other. 

d. Plumose. Consisting of fine scales with divergent or 
featherlike structure. 

4. When a mineral consists of grains. 

Coarse to fine granular. When a mineral consists of an 
aggregate of large or small grains. 

5. Miscellaneous. 

a. Compact — Earthy. A uniform aggregate of exceedingly 
minute particles. 

b. Stalactitic. When a mineral has the shape of cylinders or 
cones which have been formed by deposition from mineral- 
bearing waters dripping from the roof of some cavity (see B, 
pl. ID). 

c. Concentric. Consisting of more or less circular layers super- 
imposed upon one another about a common center (see C, 
pl. ITT). 


ATE II, 


PL 


Radiated — Natrolite. 


— 


C. 


es ee 


A. Crystallized — Quartz. 


PLATE III. 


Teme 


CG. 
A. Mammillary or Reniforni — Hematite. B. Botryoidal — Chaleedony, 
C, Concentric -— Malachite. 


CLEAVAGE, PARTING AND FRACTURE 59 


d. Banded. When a mineral occurs in narrow parallel bands 
of different color or texture. 

e. Geodes. When a cavity has been lined by the deposition 
of mineral material but not wholly filled, the more or less spherical 
mineral shell is called a geode. The mineral is often banded 
owing to successive depositions of the material, and the inner 
surface is frequently covered with projecting crystals. 

f. Massive. When a mineral is composed of compact material 
with an irregular form and does not show any peculiar structure 
like those described above, it is said to be massive. 


Il. CLEAVAGE, PARTING AND FRACTURE. 


1. Cleavage. If a mineral, when the proper force is applied, 
breaks so that it shows definite plane surfaces, it is said to possess 
a cleavage. These cleavage surfaces resemble natural crystal 
faces. They are always parallel to some possible crystal face, 
and usually to one having simple relations to the crystallographic 
axes. They may be perfect, as in the cases of the micas, calcite, 
gypsum, etc., or they may be more or less obscure. Cleavage is 
due to the fact that in the mineral 
structure there is a certain plane or 
planes along which the molecular co- 
hesion is weaker than in other direc- 
tions. All minerals do not show 
cleavage, and only a comparatively 
few show it in an eminent degree. j 
The quality of the cleavage and its q 
crystallographic direction are. often 
important aids in the identification of 
amineral. The cleavage of a mineral 
is described according to the crystal face to which it is parallel, 
as cubic cleavage (galena, halite) (see Fig. 189), octahedral 
cleavage (fluorite), dodecahedral cleavage (sphalerite), rhombo- 
hedral cleavage (calcite), prismatic cleavage (amphibole), basal 
cleavage (topaz), pinacoidal cleavage (stibnite), etc. 

2, Parting. Certain minerals when subjected to a strain or 
pressure develop planes of molecular weakness along which they 


Fig. 189. Cubic Cleavage — 
Galena. 


60 MANUAL OF MINERALOGY 


may subsequently be broken. When plane surfaces are produced 
on a mineral in this way it is said to have a parting. This 
phenomenon resembles cleavage, but is to be distinguished from 
it by the facts that not every specimen of a certain mineral will 
exhibit it, but only those specimens which have been subjected 
to the proper pressure, and that even in these specimens there 
are only certain planes in the given direction along which the 
mineral will break. In the case of cleavage, every specimen of the 
mineral will in general show it, and it ean be produced in a given 
direction in all parts of a crystal. Familiar examples of part- 
ing are the cases of the octahedral parting of magnetite, the basal 
parting of pyroxene and the rhombohedral parting of corundum. 

3. Fracture. By the fracture of a mineral is meant the way 
in which it breaks when it does not show plane surfaces as in 
cleavage or parting. The fol- 
lowing terms are commonly 
used to designate different sorts 
of fracture: 

a. Conchoidal. When the 
fracture has smooth, curved 
surfaces like the interior surface 
of a shell it is said to be con- 
choidal (see Fig. 190). This 
is most commonly observed 

Fig. 190. Conchoidal Fracture—Vol- In such substances as glass, 
canic Glass, quartz, ete. 

b. Fibrous or Splintery. When the mineral breaks showing 
splinters or fibers. 

¢. Hackly. When the mineral breaks with a jagged, irregular 
surface with sharp edges. 

d. Uneven or Irregular. When the mineral breaks into rough 
and irregular surfaces. 


Ill. HARDNESS OF MINERALS, _ 
Minerals vary quite widely in their hardness, and a determi- 
nation of their degree of hardness is often an important aid to 
their identification. A series of minerals has been chosen as a 


anna 


HARDNESS OF MINERALS 61 


scale by comparison with which the relative hardness of any 
mineral may be told. The scale consists of crystallized varieties - 
of the following minerals, each species being harder than those 
preceding it in the scale. 


Scale of Hardness. 
1. Tale. 4. Fluorite. 8. Topaz. 
2. Gypsum. 5. Apatite. 9. Corundum. 
3. Calcite. 6. Orthoclase. 10. Diamond. 
7. Quartz. 


In order to determine the relative hardness of any mineral in 
terms of this scale, it is necessary to find which ones of these 
minerals it can and which it cannot scratch. In making the 
determination the following precautions should be observed: 
Sometimes when a mineral is softer than another, portions of 
the first will leave a mark on the second which may be mis- 
taken for a scratch. It can be rubbed off, however, while a 
true scratch will be permanent. Some minerals are frequently 
altered on the surface to material which is much softer than the 
original mineral. A fresh surface of the specimen to be tested 
should therefore be used. Sometimes the physical structure of 
a mineral may prevent a correct determination of its hardness, 
For instance, if a mineral is pulverulent, granular or splintery 
in its structure, it may be broken down and apparently scratched 
by a mineral much softer than itself. It is always advisable 
when making the hardness test to confirm it by reversing the - 
order of procedure. 

The following materials may serve in addition to the above 
scale: The finger nail is a little over 2 in hardness, since it can 
scratch gypsum and not calcite. A cent is about 3 in hardness, 
since it can just scratch calcite. The steel of an ordinary pocket- 
knife is just over 5, and ordinary window glass has a hardness of 
5.5. 

Crystals frequently show different degrees of hardness, depend- 
ing upon the direction in which they are scratched. Ordinarily 
the difference is so small that it can be detected only by the use 


of delicate instruments. 
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IV. TENACITY OF MINERALS. 


The following terms are used to describe various kinds of 
tenacity in minerals: ; 

1. Brittle. When a mineral breaks or powders easily. 

2. Malleable. When a mineral can be hammered out into 
thin sheets. 

3. Sectile. When a mineral can be cut into thin shavings 
with a knife. 

4. Flexible. When a mineral bends but does not resume its 
original shape when the pressure is released. 

5. Elastic. When, after being bent, the mineral will resume 
its original position upon the release of the pressure. 


V. SPECIFIC GRAVITY OF MINERALS. 


The specific gravity of a mineral is a number which expresses 
the ratio existing between its weight and the weight of an equiva- 
lent volume of water. If a mineral has a specific gravity of 2, 
it means that a given specimen of that mineral weighs twice 
as much as the same volume of water. The specific gravity of 
a mineral which does not vary in its composition is a constant 
factor, the determination of which is frequently an important 
aid to its identification. 

After a little experience one can frequently judge quite accu- 
rately the specific gravity of a mineral by weighing it in the hand. 
Minerals containing the heavy metals like lead, copper, iron, etc., 
can be at once differentiated from those containing lighter ele- 
ments by this means. And by practice one can become expert 
enough to be able to distinguish from each other minerals that 
have comparatively small differences in specific gravity; for 
instance, topaz (sp. gr. = 3.52) from orthoclase (sp. gr. = 2.57), 
and fluorite (sp. gr. = 3.18) from quartz (sp. gr. = 2.6). 

In order to accurately determine the specific gravity of a 
mineral, the following conditions must be observed: The mineral 
must be pure. It must also be solid, with no cracks or cavities 
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within which bubbles or films of air could be imprisoned. The 
fragment used should be reasonably large, about one cubic inch 
being a convenient size. If these conditions cannot be met, 
it is of little use to attempt a specific gravity determination by 
any rapid and simple method. 

The necessary steps in making an ordinary specific gravity 
determination are briefly as follows: The mineral is first weighed 
inair. Let this weight be represented by xz. It is then immersed 
in water and weighed again. Under these conditions it weighs 
less, since any object immersed in water is buoyed up by a force 
equivalent to the weight of the water displaced. Let the weight 
in water be represented by y. Then x — y equals the loss of 
weight caused by immersion in water, or the weight of an equal 


volume of water. The expression 
x 


= will therefore yield a 


number which is the specific gravity of the mineral. 

The specific gravity of a mineral may be determined in various 
ways, those most commonly used 
being described below. 

1. By Means of a Chemical 
Balance. The most accurate 
method of determining the specific 
gravity of a mineral is by the use 
of a chemical balance. To one 
beam of the balance is suspended 
a wire basket which is so arranged 
that it can be immersed in a beaker 
of water (see Fig. 191). The bas- 
_ ket is hung in the water and then 
counterbalanced by weights on the 
opposite pan of the balance. The 
mineral specimen to be tested, hav- , 
ing been first weighed on the bal- & 
ance in the ordinary fashion, is now 
placed in the basket under the water 
and weighed again. These two weights are the necessary data 
for calculating the specific gravity as explained above. 


Fig. 191. 
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2. By Means of a Jolly Balance. Fig. 192 represents the bal- 
ance of J olly, by which the specific gravity is measured through 
= the stretching of a spiral wire spring. From 
the spring is suspended two small metal pans 
(c and d), one above the other. The ap- 
paratus is so arranged that the lower pan 
(d) is always immersed in a beaker of water 
which, resting upon the adjustable platform 
B, can be placed at any required height. On 
the side of the upright A, which faces the 
spiral wire, there is a mirror with a gradu- 
ated scale engraved upon it. The position 
Alleles of the balance is determined by means of a 
Fal small bead (m) which is strung on the wire 
B above the upper pan and which serves as an 
indicator. The eye is brought into such a 
position that the bead exactly covers its 
image in the mirror, and its position is then 
determined by means of the scale. 

Three readings must be taken: first, simply 
the position of the balance with the lower 

Fig. 192. pan in the water, x; second, its position 
when the mineral is placed in the upper pan, y; and third, its 
position when the mineral is in the lower pan and covered with 
water, z. The platform B with the beaker of water must be 
properly adjusted for each of these readings so as to always have 
the lower pan immersed in the water. The expression x — y 
will give a number representing the weight of the mineral in air, 
while x — 2 will yield a number corresponding to its weight in 
water. From these values the specific gravity of the mineral 
can be calculated as described above. 

3. By Means of a Beam Balance. ‘This is a very convenient 
and quite accurate method of determining specific gravity. The 
balance illustrated in Fig. 193 was devised by 8S. L. Penfield, 
who describes its operation as follows: 

“The beam of wood is supported on a fine wire, or needle, at 
b and musi swing freely. The long arm bc is dividee into a 
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decimal scale, commencing at the fulcrum b; the short arm car- 
ries a double arrangement of pans so suspended that one of them 
is in the air and the other in water. A piece of lead on the short 
arm serves to almost balance the long arm, and, the pans being 
empty, the’ beam is brought to a horizontal position, marked 
upon the upright, near c, by means of a rider d. A number of 
counterpoises are needed, which do not have to be of any specific 


Fig. 193. 


denomination, as it is their position on the beam and not their 
actual weight which is recorded. The beam being adjusted by 
means of the rider d, a fragment of the mineral is placed in the 
upper pan and a counterpoise is chosen, which, when placed 
near the end of the long arm, will bring it into a horizontal 
position. The weight of the mineral in air is given by the posi- 
tion of the counterpoise on ‘the scale. The mineral is next 
transferred to the lower pan, and the same counterpoise is 
brought nearer the fulcrum } until the beam becomes again 
horizontal, when its position gives the weight of the mineral in 
water.’’ From these two values the specific gravity of the min- 
eral can be calculated. 


VI. PROPERTIES DEPENDING UPON LIGHT. 
A. Luster. 


The luster of a mineral is its appearance due to the effect of 
light upon it. In general we divide minerals into three classes 
depending upon their luster, namely, metallic luster, submetallic 
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luster and nonmetallic luster. A mineral having the appearance 
of a metal like lead or copper is said to have a metallic luster. 
The term is further defined by saying that a mineral with a 
metallic luster is strictly opaque to light when examined on its 
thinnest edges. The metallic luster of a mineral can be proved 
by observing the color of its powder. If the powder is black 
or very dark in color, it means that each little particle of the 
mineral is still opaque to light, and therefore the mineral has a 
metallic luster. This test is made usually by the aid of what 
is called a streak plate. This consists of a piece of unglazed 
white porcelain upon which the mineral is rubbed so that a 
streak of its powder is formed upon the plate. The color of this 
“streak” of the mineral, as it is called, will determine its luster 
and also frequently will materially help in its identification. 
Examples of minerals with metallic luster would be, galena, 
PbS, with a bluish gray streak; pyrite, FeS2, with a black streak; 
chalcopyrite, CuFeS2, with a greenish black streak; and hema- 
tite, Fe.O;, with a dark reddish brown streak. 

Nonmetallic Luster. Minerals with a nonmetallic luster are 
transparent to light on their thin edges. In general they are 
light colored, but not necessarily so. When a streak is obtained 
from a nonmetallic mineral, it is either colorless or very light in 
color. Various descriptive terms are used to further describe 
the appearance of nonmetallic minerals, the more common being 
as follows: 

Vitreous. Having the luster of glass. Example, quartz. 

Resinous. Having the appearance of resin. Example, sphal- 
erite. 

Pearly. Having the appearance of pearl. This is usually 
observed in minerals on surfaces that are parallel to cleavage 
planes. Example, basal plane on apophyllite. 

Greasy. Looking as if covered with a thin layer of oil. Ex- 
amples, some specimens of sphalerite and massive quartz. 

Silky. Like silk. It is the result of a fine fibrous structure. 
Examples, fibrous malachite, serpentine, etc. 

Adamaniine. Having a hard, brilliant luster like that of a 
diamond. It is due to the mineral’s high index of refraction 
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(see p. 71). The transparent lead minerals, like cerussite and ° 
anglesite, show it. 

Submetallic Luster. There is no sharp divisional line between 
minerals with metallic and those with nonmetallic luster, and the 
group of minerals lying between is said to have a submetallic 
luster. They show a colored streak, but one which is not black 
or very dark in color. Examples of minerals with submetallic 
luster are limonite and some of the darker varieties of sphalerite. 


B. Color of Minerals. 


The color of minerals is one of their most important physical 
properties. In the case of many minerals, especially those 
showing a metallic luster, color is a definite and constant prop- 
erty and will serve as an important means of identification. 
For example, the brass-yellow color of chalcopyrite, the blue- 
gray of galena, the black of magnetite, the green of malachite, 
etc., is in each case a striking property of the mineral. It is to 
be noted, however, that surface alterations may change the color 
even in minerals whose color is otherwise constant. This is 
shown in the yellow tarnish frequently observed on pyrite and 
marcasite, the purple tarnish on bornite, etc. In noting the 
color of a mineral, therefore, a fresh surface should be examined. 
Many minerals, however, do not show a constant color in their 
different specimens. This variation in color in the same species 
may be due to different causes. A change in color is often pro- 
duced by a change in composition. The progressive isomor- 
phous replacement of zinc by iron in sphalerite (see page 77) 
will change its color from white through yellow and brown to 
black. The minerals of the Amphibole Group show a similar 
variation in color. The amphibole tremolite, which is a silicate 
with only calcium and magnesium as bases, is very light in color, 
at times almost white; while actinolite and hornblende, which 
are amphiboles that contain increasing amounts of iron, range in 
color from green to black. Again, a mineral may show a wide 
range of color without any apparent change in composition. 
Fluorite is a striking example of this, since it is found in crystals 
that are colorless, white, pink, yellow, blue, green, etc. Such 
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extreme cases are, however, rare. Minerals are also frequently 
colored by various impurities. The red variety of quartz, known 
as jasper, is colored by small amounts of hematite. From the 
above it is seen that, while the color of a mineral is one of its im- 
portant physical properties, it is not always constant, and must 
therefore often be used with some caution in the identification 
of a species. 

Play of Colors. Iridescence, Opalescence, etc. A mineral is 
said to show a play of colors when on turning it several prismatic 
colors are seen in rapid succession. This is to be seen especially 
in the diamond and precious opal. A mineral is said to show 
a change of color when on turning it the colors change slowly, 
being different for varying positions. This is observed in labra- 
dorite. A mineral is iridescent when it shows a series of pris- 
matic colors in the interior of the crystal or on the surface. It 
is usually caused by the presence of small fractures or cleavage 
planes which serve to break up the light into the prismatic colors. 
Opalescence is a milky or pearly reflection from the interior of 
a specimen. It is observed at times in opal and ecat’s-eye. A 
mineral is said to show a tarnish when the color of the surface 
differs from that of the interior. 

Asterism. Some crystals, especially those of the Hexagonal 
System, when viewed in the direction of the vertical axis, present 
starlike rays of light. This arises from peculiarities of texture 
along the axial directions, or from some inclusions. A remark- 
able example is the star sapphire. 

Phosphorescence. Several minerals when rubbed or heated 
give out light. This property is known as phosphorescence. 
Fluorite often shows phosphorescence when fragments are gently 
heated. The color of the emitted light may be green, purple, 
rose, yellow, etc. 


C. Refraction of Light in Minerals. 


When light comes into contact with a transparent mineral, 
part of it is reflected from the surface of the mineral and part 
enters the mineral. The light which enters the mineral is in 
general refracted. When light passes from a rarer into a denser 


’ 


PROPERTIES DEPENDING UPON LIGHT 69 


medium, as in the case of passing from air into a mineral, its 
velocity is retarded. This change in velocity is accompanied 
by a corresponding change in the direction in which the light 
travels, and it is this change in direction of propagation that is 
known as refraction of light. The amount of refraction of a 
given light ray is directly proportional to the ratio existing be- 
tween the velocity of light in air and in the mineral. The ratio 
between these two velocities is known as the index of refraction 
of the mineral and is designated by n. That is, if the index of 
refraction, or n, of a mineral is 2, light will travel in it with one- 
half the velocity it has in air. 

In Fig. 194 let M—M represent the surface of a crystal of flu- 
orite. Let N—-O be normal to that surface. Let A—O be one of 
a number of parallel light rays striking the surface M-—M in such 
a way as to make the angle 7 (angle of incidence) with the normal 


Fig. 194. 


Refraction of Light. 


N-O. Let O-P be at right angles to the rays and representing the 
wave front of the light in air. As the crystal is the denser me- 
dium the light will travel in it more slowly. Therefore, as each 
ray in turn strikes the surface M-M, it will be retarded and the 
direction of its path be changed proportionately: In going from 
a rarer into a denser medium, the direction of the ray will be bent 
toward the normal N-O. To find the direction of the rays and 
line of wave front in the crystal, proceed as follows: Since the 
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mdex of refraction of fluorite is 1.43, ray A will travel i the 


crystal, in the time it takes ray C to travel from P to R, ——> * : 3 of 


that distance, or to cng point on the circular arc the length of 
whose radius OA’ is ae the distance P-R. Similarly, ray B 
will travel in the mineral during the period of time in which 


ray C travels from S to R a distance equal to t= of the distance 


S-R, or the radius TB’. The same reasoning will hold true for 
all other rays. The wave front in the crystal can then be de- 
termined by drawing a tangent —the line A’B’R—to these 
various circular ares; and lines perpendicular to this wave front 
will represent the direction in which the light travels in the min- 
eral, and the angle NOA’ or r will be the angle of refraction. 
Fig. 195 shows the same construction as that of Fig. 194, only 
in this case the mineral in question is assumed to be diamond. 
Since the index of refraction of diamond (n = 2.42) is much 
greater than that of fluorite, light will travel in it with a still 
slower velocity. Consequently in diamond the amount of re- 
fraction will be greater. This is shown in the two figures, in 
both of which the angle of incidence is the same. 

The refractive power toward light which a mineral possesses 
has often a distinct effect upon the appearance of the mineral. 
For example, a mass of cryolite may almost always be told at 
sight, though, as is generally the case, there is no crystal shape 
to aid in the identification. The mass has a peculiar appearance, 
something like that of wet snow, and quite different from that 
of ordinary white substances; and this is due to the fact that the 
index of refraction of cryolite is unusually low for a mineral. 
An instructive experiment may be tried by finely pulverizing 
some pure white cryolite and throwing the powder into water; 
when it will apparently disappear, as if it had instantly gone into 
solution. The powder, however, is insoluble, and may be seen 
indistinctly as it settles to the bottom of the vessel. The reason 
for this disappearance of the cryolite is that its index of refraction 
(about 1.34) is near that of water (1.335), hence the light travels 
almost as readily through the mineral as through water, and 
consequently it undergoes little reflection or refraction. 
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Substances haying an unusually high index. of refraction have 
an appearance which it is hard to define, and which is generally 
spoken of as adamantine luster. This kind of luster may be com- 
prehended best by examining specimens of diamond (n = 2.419) 
or of cerussite (n = about 3.2). They have a flash and quality, 
some diamonds almost a steel-like appearance, which is not 
possessed by minerals of low index of refraction; compare, for 
example, cerussite and fluorite (n = 1.434). It is their high 
index of refraction that gives to many gem minerals their great 
brilliancy and charm. 

In the majority of cases the index of refraction of a mineral 
is not far from 1.5, and gives to minerals a luster which is desig- 
nated as vitreous. Quartz (n = 1.55), feldspar (n = 1.52) and 
calcite (n = 1.57) are good examples. 


D. Double Refraction in Minerals. 


All minerals except those belonging to the Isometric System 
show in general a double refraction of light. That is, when a 
ray of light enters such 
a mineral it is broken up 
into two rays, each of 
which travels with a dif- 
ferent velocity through 
the mineral. Since each 
ray has its own charac- 
teristic velocity, it fol- 
lows that the angle of re- 
fraction will be different 
in each case and the 
paths of the two rays will 
be divergent. In other Hyg. 196. Double Refraction in Calcite. 
words, the light has un- 
dergone double refraction. In the majority of cases the amount 
of this double refraction is small, and the fact that it exists 
can only be demonstrated by special and delicate instruments. 
Calcite, however, shows such a strong double refraction that 
it can be easily observed. Take a cleavage block of clear 
calcite (Iceland spar), for instance, and place it over an 
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image marked on paper. The image will appear double (see 
Fig. 196). 

The amount of double refraction, or in other words the amount. 
of divergence of the two rays, shown by any mineral depends, 
first, upon the refracting power of the mineral, or its strength of 
birefringence, as it is called; second, upon the thickness of the 
block of the mineral; and lastly, upon the crystallographic direc- 
tion in which the light is traveling in the mineral. In the case 
of tetragonal and hexagonal minerals, there is one direction (that 
of the vertical crystallographic axis) in which no double refrac- 
tion takes place. As soon as a ray of light in the mineral diverges 
from this direction it is doubly refracted, and the amount of 
double refraction increases as the path of the light becomes more 
oblique, and attains its maximum when it is at right angles to 
the vertical axis. Such minerals belong to the optical class known 
as uniaxial. In the case of orthorhombic, monoclinic and triclinic 
minerals, there are two directions similar to the one described 
above, in which no double refraction takes place, and the minerals 
of these systems are therefore spoken of as optically biaxial. 

In addition to doubly refracting light, all minerals except those 
of the Isometric System polarize it as well. Ordinary light is 
conceived as made up of vibrations taking place in all planes. 
Light is polarized when it vibrates in a single plane. In the case 
of both uniaxial and biaxial crystals, each of the two rays into 
which a beam of light is refracted is polarized and in planes 
which are perpendicular to each other. For a fuller considera- 
tion of the optical properties of minerals, the reader must be 
referred to books of a more detailed character. 


VII. PYROELECTRICITY. 


Crystals of certain minerals, on cooling after being heated to 
about 100° C., will develop upon different portions a positive 
and a negative electric charge. This can be proved by the power 
that such minerals show under these conditions to attract and 
hold to themselves small pieces of paper, etc. Minerals which 
are hemimorphie in their crystallographic character, like cala- 
mine, tourmaline, ete., exhibit this property. 


Ill. CHEMICAL MINERALOGY. 


A MINERAL may be defined as a naturally occurring substance 
having a definite chemical composition. The chemical compo- 
sition of a mineral is the most fundamentally important fact 
about it, for upon this all its other properties must in great 
measure be dependent. The physical characteristics of a mineral 
may sometimes serve as means of its positive identification, and 
in the great majority of cases they will be of material assistance; 
but the final proof of its identity will more often lie in the deter- 
mination of its chemical character by means of chemical tests. 
Consequently the study of the chemistry of minerals is the most 
important single division of: the subject. This section will, 
therefore, be devoted to a brief and elementary discussion of 
chemical mineralogy. First some general aspects of the subject 
will be presented, followed by a short description of the methods 
of testing for the different elements most commonly observed. 
The scope and size of this book necessitate the assumption that 
the reader is familiar with at least the essentials of chemical fact 
and nomenclature. 

Scientists up to the present time have established the occur- 
rence of more than eighty different elements. The greater part 
of these, however, are extremely rare and are only of scientific 
interest. Some forty-four elements are found in sufficient 
amount, or because of their properties are of sufficient impor- 
tance, to warrant a discussion of them here. A considerable 
proportion of this list also must be considered as rare in occur- 
rence. The following table gives the names and symbols of the 
eighteen most common elements arranged in the approximate 
order of their importance as constituents of the earth’s crust: 
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Oxygen O. Sodium Na. Phosphorus P. 
Silicon Si. Potassium K. Sulphur Ss. 
Aluminium Al. Hydrogen H. Barium Ba. 
Tron Fe. Titanium = Ti. Manganese Mn. 
Calcium Ca. Carbon C. Strontium = Sr. 
Magnesium Meg. Chlorine’ Cl. Fluorine F. 


It is to be noted that the above list fails to include such im- 
portant elements as copper, lead, zine, silver, gold, tin, mercury, 
nickel, antimony, arsenic, etc., all of which form much less than 
one-hundredth of one per cent of the rocks of the earth’s crust. 

These elements occur alone or in various chemical combina- 
tions in the form of minerals. Below is given a brief discussion 
of the various classes of chemical compounds in which the ma- 
jority of minerals occur. 


Chemical Groups. 


Elements. There are a few minerals that consist of single 
elements alone. For example, gold, Au. 

Sulphides. A very important group of minerals, consisting 
of combinations of the various metals with the element sulphur, 
are known as sulphides. They include the majority of the 
metallic ore minerals. For example, pyrite, FeS:. 

Sulpho-salts. This group of minerals includes a series which 
mostly contain lead, copper or silver in combination with sulphur 
and either antimony or arsenic. For example, tetrahedrite, 
Cu,Sb.8;. 

Haloids. This group includes minerals that are salts of the 
halogen acids, chiefly hydrochloric or hydrofluoric acids. Ex- 
amples are halite, NaCl, and fluorite, CaF». 

Oxides. The minerals of this group contain a metal in com- 
bination with oxygen. For example, hematite, Fe.0;. 

Hydroxides. An hydroxide is a mineral that contains the 
hydroxyl group, OH, as an important radical. For example, 
limonite, Fe,O;(OH).. 

Carbonates. The carbonates are salts of carbonic acid, 
H.CO;. For example, calcite, CaCOs. 


DERIVATION OF A CHEMICAL FORMULA T5 


Silicates. The silicates form the largest chemical group among 
minerals. They contain various elements as bases, the most 
common of which are sodium, potassium, calcium, magnesium, 
aluminium and ferrous and ferric iron. They are frequently 
very complex in their chemical structure. They are salts of a 
number of different silicic acids, the most important of which 
are as follows: 

Orthosilicate acid = H,8iO,, which is represented by alman- 
dite, Fe;Al.(SiO,)3. 

Metasilicic acid = H,Si,0, or H.SiO;, represented by leucite, 
KAI(Si03)2. 

Polysilicie acid=H,8i,0,, represented by orthoclase, KAISi,O,. 

Niobates and Tantalates. These are combinations of vari- 
ous metals with the rare niobic and tantalic acids. For example, 
columbite, FeNb.O,, and tantalite, FeTa,O,. 

Phosphates. The phosphates are salts of some phosphoric 
acid. The most common member of the group is the mineral 
apatite, Cas(CaF) (PO,);. 

. Sulphates. The sulphates are salts of sulphuric acid, H.SO,. 
For example, gypsum, CaSO,.2H.0. 

Tungstates. These are salts of the rare tungstic acid H.WO,. 

For example, scheelite, CaWO,. 


Derivation of a Chemical Formula from the Analysis of 
a Mineral. 

The chemical formulas which are assigned to minerals have in 
every case been calculated from chemical analyses. An analysis 
gives the percentage composition of a mineral, or, in other words, 
the parts by weight in one hundred of the different elements or 
radicals present. Consider the following analysis of chalcopy- 


rite: 


Percentages. Atomic weights. Ratio. 
S = 34.82 + 32.06 = 1.086 = 2.00 
Cu = 34.30 + 63.6 = 0.539 = 0.99 or 1.00 
Fe = 30.59 + 55.9 = 0,547 = 1.00 
99.71 


The percentage numbers given indicate the proportions by 
weight of the different elements in the mineral. But as these 
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elements have different atomic weights, the numbers do not 
represent the ratio of the different atoms to each other in the 
chemical molecule. In order to derive the relative proportions 
of the atoms of the different elements to each other, the percent- 
ages as given are divided in each case by the atomic weight of. 
the element. This gives a series of numbers which does repre- 
sent the ratio of the atoms to each other in the molecule. In the 
analysis of chalcopyrite this ratio becomes 8: Cu: Fe = 2:1:1. 
Consequently CuFeS, will constitute the chemical formula for 
the mineral. 

If the mineral is an oxygen compound the results of the analy- 
sis are given as percentages of the oxides present, and by a cal- 
culation similar to that outlined above the ratio of these oxide 
radicals to each other in the molecule is determined; the only 
difference in the process being that in this case the percentage 
numbers are divided by the sum of the atomic weights of the 
elements present in the different radicals. As an example con- 
sider the following analysis of gypsum: 


Percentages. Molecular weights. Ratio. 
SO; = 46.61 + 83.06 = 0.583 = 1.00 
CaO = 32.44 + 56.1 = 0.578 = 0.99 or 1.00 


H,0 = 20.74 + 18.0 
99:79 


1.152 = 1.98 or 2.00 


From this it is seen that the ratio of the radicals to each other 
in the molecule is SO; : CaO : HO = 1: 1: 2, and consequently 
the composition of gypsum can be represented by the formula 
CaO.S0;.2H20 or CaSO,.2H.0. 


Calculation of the Percentage Composition of a Mineral 
from Its Chemical Formula. 


It frequently happens that it is desirable to determine what 
the theoretical composition of a mineral is, having given its 
formula. The process of calculation is the reverse of that 
described in the preceding division. Take, for example, the 
mineral chalcopyrite, CuFeS.; what are the proportions by 
weight of the different elements in one hundred parts of the 
mineral? The process consists in first adding up the atomic 
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weights of the different elements present and so obtaining the 
molecular weight of the compound, as follows: 


Atomic weights. 


Cu = 63.6 
Fe = 55.9 
S =32.06 X2= 64.12 


Molecular weight CuFeS, = 183.62 


It is obvious from the above that in 183.62 parts by weight of 
chalcopyrite there are 63.6 parts of | copper, etc. In order to find 
the parts of copper in 100 parts of the mineral, or in other words, 
its percentage, the following proportion is made: 

183.62 : 63.6 = 100: x. 
When this equation is solved, x becomes 34.64, or the percent- 
age of copper in chalcopyrite. The percentages of the iron and 
sulphur are to be obtained in a similar manner. 


Isomorphism. 


It is to be noted frequently that the results of a mineral analy- 
sis do not agree with the theoretical composition of the mineral 
as calculated from its formula. Further, it often happens that 
the analyses of different specimens of the same mineral will 
show marked variations in the proportions of the different ele- 
ments present. If the material analyzed was pure and the analy- 
sis accurately made, these variations are commonly to be ex- 
plained by the principle of isomorphism. To make clear what 
is meant by this term, it will be best to consider some illustrative 
examples. Sphalerite, for instance, is a mineral which shows in 
its different specimens a wide range in color, from white through 


At. Ra- At. Ra- At. Ra 

I. wt. tio. I. wt. tio. Il. wt. tio. 
S =32.22) 32.06=1.00] 33.36] 32.06=1.04 =1.00) 33.25] 32.06=1.037 =1.0 
Zn =67.46 65.4 =1.03) 63.36) 65.4 =0.96} _ 1 g9/ 50.02) 65.4 =0.764 
Beene awe oes 3.60) 55.9 =0.06 15.44 2% 9 =0.276 | _1 o16 
Ah ee ee See ss chad dines v Sih opin eines cp ae oo gees 80 |112.4 =0.002 
by SPEEA bys | sosce cw nls.sy se sievace 1.01 206. 9 =0.004 

OTALT.1 «DOOR ts ase cinie a ae AREY eReah 1) cud ia' Hr rwi oS aaoereaene 100.02 
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brown to black, with a corresponding variation in composition. 
In column I is given an analysis of white sphalerite from Frank- 
lin Furnace, N. J., in column II is given an analysis of a brown 
sphalerite from Roxbury, Conn., and in column III that of.a 
black sphalerite from Felsébanya. 

It will be noted that in the three analyses there is a progressive 
increase in the percentages of iron present and a corresponding 
decrease in the amount of zinc. It would appear as if the iron 
had replaced a portion of thé zinc in the mineral and was play- 
ing the same part as the zinc in the molecule. Further, if the 
atomic ratios are derived from each analysis by the method de- 
scribed in the preceding division, it will be found that in analy- 
ses II and III the series of numbers do not show any rational 
relations to each other. But, if the numbers derived in each 
case from the percentages of the different metals present are 
combined, their sum will equal the number derived from the per- 
centage of the sulphur. In other words, the number of atoms of 
zine plus those of iron, lead and cadmium equals the number of 
atoms of sulphur. The formula of sphalerite could therefore be 
written R’’S, where R” equals chiefly zinc, with smaller amounts 
of iron and other metals. Another way of expressing the same 
thing would be (Zn,Fe)S. In this case the iron is said to be 
isomorphous with the zine, since it has the power to replace the 
zinc in the mineral in varying proportions without changing its 
molecular structure or crystal form. 

The garnets form a series of minerals with the same crystal- 
lization and general physical properties, but show quite a wide 
variation in chemical composition. Consider the following analy- 
sis of an almandine garnet: 


Percentages. Molecular weights. Ratio. 
SiO. = 35.92 + 60.4 = 0.594 = 3.00 
Al,O; = 19.18 + 102.2 =" OR hee Ri 
Fe,0;= 4.92 + 159.8 = Srey ak Se 
FeO = 29.47 + 71.9 = 0.409 
MnO= 4.80 + 71.0 = 0.067 |- “al 
MgO = 3.70 + 40.36 =0.091 [0-609 = 3.02 
CaO = 2.38 + 56.1  =0.042 
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It is a silicate containing chiefly ferrous and aluminium oxides 
but with smaller amounts of manganese, magnesium, calcium and 
ferric oxides. If the ratio of the series of oxides to each other 
in the molecule is obtained, it is seen that it is not a rational one. 
But if the ratio numbers of the similar oxides are combined, — 
that is, the number from the Al.O; with that from the Fe.Os, and 
that from the FeO with those from the MnO, MgO and CaO, — 
it will be found that the relationship of the different groups of 
radicals can be expressed as SiO. : Al,O; + FeO; : FeO + MnO 
+ MgO + CaO = 3:1:3. From this it is seen that some of 
the possible Al,O; has been replaced by isomorphous Fe.Os, 
and that a part of the FeO has been replaced by the isomor- 
phous oxides of MnO, MgO and CaO. The formula for this 
garnet might be written, therefore, as 3R’O.1R,.’0;.3S8i0. or 
R;’R2’”"(SiO,):, in which R’” = Fe, Mn, Mg and Ca, and R’’”’=Al 
and Fe. 

Isomorphous Groups. A series of compounds which have 
analogous chemical compositions and closely similar crystal 
forms are said to make an isomorphous group. The artificial 
compounds known as the alums form a striking example. They 
are double salts of sulphuric acid, similar to the following, 
KAI(SO,)2.12H;,O, which is known as potash alum. They may 
vary in their composition by the substitution of Na, Li, NH4, 
etc., for the potassium and of Fe’” and Cr for the aluminium. 
All these compounds have, therefore, different but analogous 
compositions, and it is found also that they all crystallize in the 
Isometric System with an octahedral habit. Further, if a crys- 
tal of one alum is suspended in a saturated solution of another 
member of the series, the crystal will continue to grow. From 
this it is proved that the molecules of the different alums are 
physically so closely alike that they can be substituted for each 
other in any proportion. Therefore this series of compounds is 
said to be an Isomorphous Group. 

Many such groups are to be found in minerals, and attention 
is called to them in various places in Section IV. Reference 
might be made to one of the most prominent of these in the case 
of the Calcite Group (see page 203). This is a series of minerals 
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all of which are carbonates of similar bivalent metals, and there- 
fore they can be said to have analogous chemical compositions. 
Further, they all crystallize in the same crystal system and class, 
and have closely agreeing angles between similar crystal faces. 
Consequently they conform to the second requirement for an 
Isomorphous Group, namely, that the minerals of it should show 
similar crystal forms. 


Dimorphism, Trimorphism, Etc. 


A number of cases are well known among minerals in which 
two or three different species have the same chemical com- 
position but distinctly different physical properties. When one 
compound appears in two different forms, it is said to be dimor- 
phous; when in three different forms, trimorphous. Carbon in 
the forms of graphite and diamond, calcium carbonate as calcite 
and aragonite, iron sulphide as pyrite and marcasite, are familiar 
examples of dimorphism. The two minerals in each case differ 
from each other in such physical properties as crystallization, 
hardness, specific gravity, color, reactions with acids, ete. Ti- 
tanium oxide, TiOz, is trimorphous, since it occurs in the three 
distinct minerals, rutile, octahedrite and brookite. 


Instruments, Reagents and Methods of Testing. 


The Blowpipe and Its Use. Many of the chemical tests 
made on minerals are performed by aid of an instrument known 
as a blowpipe. The blowpipe consists essentially of a tapering 
tube ending in a small and symmetrical opening through which 
air can be forced in a thin stream at high pressure. This current 
of air, when directed into a luminous flame, converts it into a 
small and very hot flame, by means of which many important 
tests can be made. 

Fig. 197 represents a common type of blowpipe. The air is 
forced from the lungs into the mouthpiece, c, which fits into the 
upper end of the tube and issues from the small opening at the 
other end. The tip of the blowpipe, }, is placed just within a 
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flat flame which is rich in carbon, such as is obtained from a 
candle or ordinary illuminating gas. A convenient method of 
producing a blowpipe flame is to use illuminating gas in a Bunsen 
burner, in which an inner tube, e (Fig. 198), has been placed so as 
to shut off the supply of air at the base of the burner and thus 
convert the flame into a luminous one. The upper end of this 
tube is flattened and cut at an angle, as is shown in Fig. 198. The 


Fig. 198. 


Fig. 197. 


gas flame is ordinarily adjusted so that it measures about 1 
inch in height and } inch in breadth. The blowpipe is intro- 
duced into this flame as shown in Fig. 199. The resulting blow- 
pipe flame should be nonluminous, narrow, sharp-pointed and 
clean-cut. If illuminating gas is not available, a candle with a 
flat wick or even an ordinary candle can be used. The latter 
require, however, more skill in manipulation. 
The Art of Blowpiping. It usually requires some practice 
before one can produce a steady and continuous blowpipe flame. 
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Many tests can be made by means of a flame produced by ex- 
hausting the supply of air in the lungs simply once. But fre- 
quently an operation takes a longer time than this would give, 
and the interruption necessary in order to fill the lungs afresh 
would materially interfere with the success of the experiment. 
Consequently it often becomes important to be able to maintain 
a steady stream of air from the blowpipe for a considerable time. 
This is accomplished by distending the cheeks so as to form a 
reservoir of air in the mouth. When the supply of air in the 
lungs is exhausted, the passage from the mouth into the throat 


Fig. 199. 


is closed by lifting the root of the tongue and while a new supply 
is being obtained by breathing in through the nose a steady 
stream of air is also being forced out of the reservoir in the mouth. 
In this way a constant flame may be obtained. It requires, 
however, considerable practice to do this skillfully. 

The Character of the Blowpipe Flame. Fig. 199 represents 
a typical blowpipe flame. The inner cone, c, which is light blue 
in color and the most distinct part of the flame, is composed of 
unburned gas mixed with air from the blowpipe. There is no 
combustion taking place in this part of the flame. Around 
this cone is a narrow pale-violet cone, b, which is almost 
invisible and in which the combustion does take place. Any 
gas that is used for the production of the flame will consist of 
some combination of carbon and hydrogen. These elements 
when the gas is burned are converted into their respective oxides. 
The hydrogen burns directly to water vapor, H.O. The carbon 
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burns first to its lower oxide, CO, known as carbon monoxide. \, { 


Fig. 200. 


is an important aid to its identification. In order to make the 
test, a small and if possible a sharply pointed fragment of the 


yb 


Later this oxide will be changed by the addition of another atom | 
of oxygen to the higher oxide, CO., carbon dioxide. The final” 
products of the combustion will, therefore, be the gases H,O and 
CO;. In cone 6, where combustion is taking place, there will 
necessarily be considerable amounts of the lower oxide of carbon, 
CO. Surrounding cone d there will be an invisible cone, a, con- 
sisting of the final products of combustion, CO, and H.0. 

Fusion by Means of Blowpipe Flame. A good blowpipe 
flame may reach a temperature as high as 2000°C. When skill- 
fully handled small pieces of fine platinum wire may be melted 
in it. The determination of the degree of fusibility of a mineral 


mineral should be inserted into the blowpipe flame just beyond © 


the tip of the inner cone, where the combustion is most rapid 
and the temperature the highest. The fragment should be held 
as illustrated in Fig. 200, so that it projects beyond the end of the 
forceps by which it is held in such a manner that the entire heat 
of the flame can be concentrated upon it. If it melts and rounds 
over, losing its sharp outline, it is said to be fusible in the blow- 
pipe flame. Minerals can therefore be divided into two classes, 
as to whether they are fusible or infusible in this flame. The 
minerals which are fusible can be further classified according to 
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the degree of ease with which they fuse. To assist in this classi- 
fication, a series of six minerals which show different degrees of 
fusibility has been chosen as a scale to which all fusible minerals 
may be approximately referred. For instance, when a mineral 
is said to have a fusibility of 3, it means that it will fuse with 
the same degree of ease as the mineral which is listed as 3 in the 
scale. In making such comparative tests, it is necessary to use 
fragments of the same size and to have the conditions of the 
experiments uniform. The minerals of the scale of fusibility 
are as follows: 


1. Stibnite. Very easily fusible. A small splinter will readily 
melt in a candle flame. 

2. Chalcopyrite. Easily fusible. A small fragment will fuse 
in the Bunsen burner flame. 

3. Almandine Garnet. Infusible in the Bunsen burner flame 
but fuses easily in the blowpipe flame. 

4. Actinolite. A sharp-pointed splinter fuses without much 
difficulty in the blowpipe flame. 

5. Orthoclase. The edges of a fragment are rounded at the 
highest heat of the blowpipe flame. 

6. Enstatite. Practically infusible in blowpipe flame, only 
the fine ends of sharp-pointed fragments being rounded. 


Reducing and Oxidizing Flames. Reduction consists essen- 
tially in taking oxygen away from a chemical compound, and 
oxidation consists in adding oxygen to it. These two opposite 
chemical reactions can be accomplished by means of a blowpipe 
flame. Cone b, Fig. 199, as explained above, contains CO, or car- 
bon monoxide. This is what is known as a reducing agent, since, 
because of its strong tendency to take up oxygen in order to be- 
come COs, or carbon dioxide, it will, if possible, take oxygen away 
from another substance in contact with it. For instance, if a 
small fragment of the ferric oxide of iron, hematite, Fe:Os, is 
held in this part of the blowpipe flame, it will be reduced by the 
removal of one atom of oxygen to the ferrous oxide, FeO, accord- 
ing to the following equation: 


Fe,0; oh CO = 2FeO 4- CO. 


1+ <9 a 
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This change can be proved by noting that the ferric oxide is red 
in color and nonmagnetic, while the ferrous oxide is black and 
strongly magnetic. This cone 6 is therefore known as the re- 
ducing part of the blowpipe flame, and when it is wished to per- 
form a reduction test the mineral fragment is placed at r, as 
shown in Fig. 199. 

On the other hand, if oxidation is to be accomplished, the 
mineral must be placed entirely outside of the flame, where the 
oxygen of the air can have free access to it, but where it can still 
get in large degree the heat of the flame. Under these condi- 
tions, if the reaction is possible, oxygen will be added to the 
mineral and the substance will be oxidized. The oxidizing part of 
the blowpipe flame is at o (Fig. 199). Pyrite, FeS., for instance, 
if placed in the oxidizing flame, would be converted into ferric 
oxide, FeO;, and sulphur dioxide, SO2, according to the following 
equation: : 

2FeS. + 110 = Fe.O; + 4802. 
The ferric oxide would form a dark-red residue, while the sulphur 
dioxide would come off as a pungent-smelling gas. 

Use of Charcoal in Blowpiping. Small charcoal blocks, that 
should best be about 4 inches long, 1 inch wide and 3 inch thick, 


Fig. 201. An Oxide Coating on Charcoal. 


are employed in a number of blowpipe tests. They are used as 
a support upon which various reactions are accomplished. For 
instance, metals like lead, silver, copper, etc., may be reduced 
from their minerals by means of the blowpipe flame, the experi- 
ment being performed upon charcoal. Characteristic oxide coat- 
ings also may be obtained upon the surface of a charcoal block (see 
Fig. 201). The charcoal should be of a fine and uniform grain. 

It should not be so soft as to readily soil the fingers, nor should 
it be so hard as not to be easily cut and scraped by a knife. 

The following table gives a list of the elements which yield 
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characteristic oxide coatings when their minerals are heated in 
the oxidizing flame on charcoal: 


Oxide: Color and character of Ramsar 
coating. 

Arsenious Oride. White and volatile, depositing at | Usually accompanied by 
A303. some distance from the mineral. garlic odor. 

Antimony Ozides. White and volatile, depositing close Heavier than arsenic 
Sb,0;, Sb,O,. to the mineral. oxide. 

Zinc Oxide. Yellow when hot, white when cold. If coating is moistened 
Zn0. Nonvolatile in the oxidizing fame. | with cobalt nitrate 


and heated intensely, 
it turns green. 


Deposits very close to mineral. 


Tin Oxide. Faint yellow when hot, white when 
SnO,. cold. Nonvolatile in the oxidizing | 
flame. 


Molybdenum Onde Pale yellow when hot, white when If the coating is touched 


003. cold. Sometimes crystalline. Vol- | for a moment by 4 
atile in the oxidizing flame. .| reducing flame, it be- 

eomes dark blue. 
Lead Oxide. Yellow near the mineral and white |Coating at times is com- 
PbO farther away. | posed of white sul- 
phite and sulphate 
of lead in addition to 

the oxide. 

Bismuth Oxide. Yellow near the mineral and white |To be told from the 
Bi,O3. farther away. lead-oxide coating by 


iodine tests (see p. 97). 


Open Tube Test. Glass tubing of hard glass is used in mak- 
ing what are known as open tube tests. The tubing should 
be cut into approximately 8-inch lengths and have an internal 
diameter of } inch. An open tube is used ordinarily for making 
oxidation tests. A small amount of the mineral to be tested is 
commonly powdered and placed in the tube at a point about 
one-third of its length from one end. A narrow strip of paper 
folded into a shallow trough will serve as a boat to introduce the 
powder into the tube. The tube is then inclined at as sharp an 
angle as possible, with the mineral lying nearer the lower end. 
The tube is then held over a Bunsen burner flame in such a way 
that the flame plays on the upper part of the tube. This serves 
to convert the inclined tube into a chimney, up which a current 
of air flows. After a moment the tube is shifted so that the flame 


INSTRUMENTS, REAGENTS, ETC. 87 


heats it at a point just above the mineral, or in some cases the 
flame may be directly beneath the mineral. The mineral is 
being heated under these conditions in a steady current of air, 
and it will be oxidized if such a reaction is possible. Various 
oxides may come off as gases and either escape at the end of the 
tube or be condensed as sublimates upon its walls. The follow- 
ing table gives a list of those elements which yield characteristic 
reactions when heated in open tubes: 


Element. Description of Test. 

Sulphur. Sulphur dioxide, SO., comes out of upper end of tube 
as a gas with a pungent and irritating odor. If a 
moistened strip of blue litmus paper is placed at the 
upper end of the tube, it becomes red, due to the acid 
reaction caused by the sulphurous acid. 

Arsenic. Arsenious oxide, As,O;, condenses at a considerable 
distance above the heated portion as a volatile coat- 
ing of small colorless octahedral crystals. 

Antimony. Antimonious oxide, Sb.O;, deposits as a volatile 
white ring closer to the heated portion of the tube 
than the arsenious oxide. Antimony sulphides yield 
also a dense nonvolatile white sublimate of antimo- 
nate of antimony, Sb:0,, which collects along the 
bottom of the tube. 

Molybdenum. Molybdenum trioxide, MoO;, collects near the 
heated portion as a network of pale yellow to white 
crystals. 

Mercury. Collects in minute gray globules which can be rubbed 
together. 


Note. Other reactions may be obtained from some of the 
above elements if the mineral is heated too rapidly or without 
the establishment of a strong current of air flowing through the 
tube. 

Closed Tube Test. Frequently a small glass tube which has 
been closed at one end is useful in testing minerals. The tube 
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is made out of soft glass and should have a length of about 
31 inches and an internal diameter from 4 to ¥; of an inch. 
Two closed tubes can easily be made by fusing the center of a 
piece of tubing 7 inches in length and pulling it apart. The- 
closed tube test is used to determine what takes place when a 
mineral is subjected to heat practically out of contact with the 
air. Ordinarily there is no chemical reaction involved. In 
general, in the closed tube the mineral will break down into 
simpler parts if that is possible, but otherwise nothing will take 
place except possibly a fusion of the mineral. The following 
table gives a list and brief.description of the important closed 
tube tests: 


Substance. ’ Description of Test. 


Water, H.O. All minerals containing water of crystallization or 
the hydroxyl radical will give on moderate heating a 
deposit of drops of water on the cold upper walls of 
the tube. 


Sulphur, S. All sulphides which contain an excess of sulphur 
will give a sublimate of sulphur, which is red when 
hot and yellow when cold. 


Arsenic, As. Native arsenic and some arsenides will give a 
deposit of metallic arsenic. This consists of two 
rings, one being composed of a black and amorphous 
material, the other lying nearer the bottom of the 
tube, of a silver-gray and crystalline material. 


Oxysulphide of antimony, Sb8.0. Sulphide of antimony and 
some sulphantimonites give this sublimate in the 
form of a slight coating which deposits close to the 
bottom of the tube. It is black when hot and red 
when cold. It is accompanied by a faint deposit of 
sulphur further up the tube. 


Sulphide of mercury, HgS. A black amorphous sublimate which 
forms when cinnabar is heated. 
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_ Mercury, Hg. Gray metallic globules of metallic mercury are 
obtained when native mercury or amalgams are 
heated or when the sulphide is mixed with dry sodium 
carbonate and heated. 


Flame Test. Certain elements may be volatilized when 
minerals containing them are heated intensely before the blow- 
pipe and so impart characteristic colors to the flame. The 
flame color to be obtained from a mineral will often serve as an 
important means of its identification. A flame test may be 
made by heating a small fragment of the mineral held in the for- 
ceps, but a more decisive test is usually obtained when the fine 
powder of the mineral is introduced into the Bunsen burner 
flame on a piece of fine platinum wire. The following table gives 
a list of the important elements which yield flame colors. It is 
to be noted that a mineral may contain one of these elements, 
but because of the nonvolatile character of the chemical com- 
_ bination will fail to give a flame color. 


Element. Color of Flame. Remarks. 

_ Strontium. Crimson. Strontium minerals which give 
the flame color also give alka- 
line residues after being heated. 

Lithium. Crimson. Lithium minerals which give 
the flame color do not give 
alkaline residues after being 
heated. 

Calcium. Orange. In the majority of cases a dis- 

tinct calcium flame will be ob- 
tained only after the mineral 
has been moistened with HCl. 

Sodium. Intense yellow. A very delicate reaction. The 
flame should be very strong 
and persistent to indicate the 
presence of sodium in the min- 
eral as an essential constit- 
uent. 
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Element. Color of Flame. Remarks. 


Barium. Yellow green. Minerals which give the barium 
flame also give alkaline resi- 
dues after ignition. 


Molybdenum. Yellow green. Obtained from the oxide or sul- 
phide of molybdenum. 


Boron. Yellow green. Minerals giving a boron flame 
rarely give alkaline residues 
after ignition. 


Emerald-green. Obtained from the oxide of 


Copper. pig ee 
Azure-blue. Obtained from the chloride of 
L copper. 

Zine. Bluish green. Appears usually as bright 
streaks and threads in the 
flame. 

Lead. Pale azure-blue. Tinged with green in the outer 
parts. 


Color Reactions with the Fluxes. Some elements, when 
dissolved in certain fluxes, give a characteristic color to the 
fused mass. The fluxes that are most commonly used are borax, 
Na:B,O;.10H:O0, sodium carbonate, Na2CO;, and salt of phos- 
phorus, HNaNH,PO,..4H,O. The operation is best performed by 

first fusing the flux on a small loop of platinum 
wire into the form of a lens-shaped bead. The 
loop on the wire should best have the shape and 
size shown in Fig. 202. After the flux has been 
fused into a bead on the wire, a small amount of 
the powdered mineral is introduced into it and is 
Fig, I dissolved by further heating. The color of the 
Wire for Bead resulting bead may depend upon whether it was 
Tests. ° eqns 
heated in the oxidizing or reducing flame and 
whether the bead is hot or cold. The following table gives a 
list of the important bead tests: 


ay 
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Table of Color Reactions with the Fluxes. 


Oxides of 


| Borax Bead. Phosphorus Salt Bead. 
Oxidizing flame.) Reducing [Oxidizi Reducing 
| | dizing flame. nee5g xidizing flame. dane 
Chromium. ‘os lYellow. Green, Dirty green. Dirty green. 
hea 
Cold. 'Yellowish green. Green. Fine green. Fine green. 
Vanadium. i ‘Yellow. | Dirty green. Yellow. Dirty green. 
Cold. Yellowish green/Fine green. Yellow. Fine green. 
| almost color-| 
Uranium. (Hot. aa yellow to Pale green. Yellow. Pale dirty 
orange-red. green. 
: 
‘Cold. | Yellow. Pale green to Pale greenish | Fine green. 
; nearly colorless.) yellow. 
Tron. ‘Hot. Deep yellow to Bottle-green. Deep yellow to Red-yellow 
| orange-red. brownish red.| to yellow- 
; : green. 
Cold. Yellow. ‘Pale bottle- Yellow to al- |Almost color- 
green. most colorless.| less. 
Copper. Hot. |Green. (Colorless to Green. Brownish 
green. green. 
Cold. | Blue. Opaque red Blue. Opaque red. 
with much 
oxide. 
Cobalt. Hot. Blue. Blue. Blue. Blue. 
Cold. Blue, Blue. Blue. Blue. 
Nickel. Hot. | Violet. Opaque gray. |Reddish to Reddish to 
brownish red. | brownish 
red. 
Cold. |Reddish brown.|/Opaque gray. | Yellow to red- | Yellow to red- 
Ppa dish yellow. dish yellow. 
Manganese. |Hot. | Violet. Colorless. Grayish violet. |Colorless. 
Cold. | Reddish violet. |Colorless. Violet. Colorless. 


Sodium carbonate with oxide of manganese gives when heated 
in the oxidizing flame an opaque bead, green when hot, bluish 
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green when cold. When heated in the reducing flame the bead 
is colorless. 


Dry Reagents. 


The following paragraphs give a brief description of the more 
important dry reagents used in testing minerals: 

Sodium Carbonate, Na,CO;, is a white salt that is used chiefly 
as a flux to decompose minerals by fusion on charcoal and more 
rarely as a flux in a bead test. 

Borax, Na:B,O;.10H:0, is a white salt that is used chiefly in 
making bead tests and more rarely as a flux on charcoal. 

Microcosmic Salt or Salt of Phosphorus, HNaNH.PO,.4H,0, 
is a white salt used in making bead tests. 

Acid Potassium Sulphate, HKSO,, is a white salt that is used 
in making a test for fluorine (see page 100). 

Acid Potassium Sulphate and Fluorite Mixture is a mixture 
of three parts of the former and one part of the latter. It is used 
in making a test for boron (see page 97). 

Potassium Iodide and Sulphur Mixture. A mixture of equal 
parts of these two materials is used in making a test for bismuth 
(see page 97). 

Tin and Zinc are used in granulated form to make certain re- 
duction tests in hydrochloric acid solutions. 

Test Papers. Blue litmus paper is a test paper which changes 
in color from blue to red when exposed to the action of an acid. 
It is most commonly used in the open tube test for sulphur (see 
page 109). Yellow turmeric paper is a test paper that turns 
brown when exposed to the action of an alkali. It is most 
commonly used in making a test for the presence of an alkali 
or alkaline earth in a mineral (see under sodium, page 109; 
calcium, page 98, etc.). Red litmus paper can be substituted 
for the yellow turmeric. It turns blue when exposed to the 
action of an alkali. 


Wet Reagents. 


The following paragraphs give a brief description of the more 
important wet reagents used in testing minerals: 
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Hydrochloric Acid, Muriatic Acid, HCl, is an acid which is 
_ commonly used for the solution of minerals, etc. It is a non- 
oxidizing acid. The ordinary laboratory acid is diluted with 
three parts of water. 

Nitric Acid, HNO,, is a strong solvent and oxidizing agent. 
It is commonly used in its concentrated form. 

Sulphuric Acid, H.SO,, is less commonly used than the others 
as a solvent. It may be used in its concentrated form, but 
usually is diluted with four parts of water. When water is added 
to the acid a large amount of heat is generated. Water should 
never be added to the hot acid. The acid boils at 337° C. 

Ammonium Hydroxide, NH,OH, is a strong alkali used 
chiefly to neutralize acid solutions and as a precipitant for alu- 
minium and ferric hydroxides (see pages 95and 101). For labo- 
ratory use it is commonly diluted with three parts of water. 

Ammonium Carbonate, (NH,).CO;, and Ammonium Oxa- 
late, (NH.)2C2O,, are chiefly used in the form of aqueous solutions 
to precipitate the alkaline earths, calcium, strontium and barium, 
from their solutions (see page 98). 

Hydrogen Sodium Phosphate, HNa,PQ,, is used in the form 
of an aqueous solution to test for the presence of magnesium 
(see page 103); Barium Hydroxide, Ba(OH)., in testing for car- 
bon dioxide (see page 98); Barium Chloride, BaCl,, for sulphu- 
ric acid (see page 110); Ammonium Molybdate, (NH,).Mo0,, 
for phosphoric acid (see page 106); Silver Nitrate, AgNO,, for 
chlorine (see page 99). 

Potassium Ferrocyanide, K,Fe(CN),.3H,O, and Potassium 
Ferricyanide, K;Fe.(CN),2, are used in dilute solutions to test for 
ferric and ferrous iron respectively (see page 102). Ammonium 
Sulphocyanate, NH,CNS, is also used to test for ferric iron. 
Cobalt Nitrate, Co(NO,)., is used in the form of a dilute solution 
in blowpipe tests for aluminium and zine (see pages 95 and 112). 


Tests for the Elements. 


On the following pages will be given brief descriptions of the 
more important blowpipe and chemical tests for the elements 
as they occur in minerals. In order to facilitate reference to 
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this section, the different elements will be treated in alphabetical 


order. 


mate order of their importance. 


Under each element the tests will be given in the approxi- 
For a fuller discussion of this 


part of the subject reference must necessarily be made to the 


textbooks that treat of it alone. 


Below is a list of the elements 


whose tests are discussed, with their chemical symbols, valence 


and atomic weights. 


1 


Element. 


Alumimitim Gpsete oc aise os ee 
petencaye 
Arsenic... 


Barium............ 


Bismuth: 55, 0o hes «<<< 


Cobalt. o.... s.scsses se: 


Glucinum, see Beryllium. 
Gold 
Eby drogen’snc:cccicte erates 


Magnesium fi... sie cnc sews on 
Manganese.............:. 
Mercury 
Molybdenum............. 
Nickel 
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Valence. 


Trivalent 
Trivalent 
Trivalent 
Bivalent. . 
Bivalent. 


and pentavalent 
and antes alent. . 


Trivalent... 


Trivalent. . 


Bivalent.. 


Univalent 


Tetravalent.... 


Trivalent and sexivalent. .......... 


Bivalent. 


Univalent 
Univalent 


Univalent 


Bivalent.. 


and bivalent. ........... 


Bivalent, trivalent and tetravalent. 


Univalent 


Bivalent. . 
Pentavalent 
Bivalent.... 


and bivalent............. 


Pentavalent.. 700s... ..cuermeews ie 


Pentavalent............ BR j8 


Bivalent.. 
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Aluminium. 


1. Precipitation by Ammonium Hydroxide. Aluminium is 
precipitated in the form of aluminium hydroxide, Al(OH);, when 
an excess of ammonium hydroxide is added to an acid solution. 
The precipitate is flocculent in form and colorless or white. It is 
precipitated under the same conditions as ferric hydroxide (see 
page 101), and since the latter has a dark color a small amount 
of aluminium hydroxide might be overlooked in a mixture of 
the two. To make a further test under these conditions, filter 
off the precipitate and treat it with a hot solution of sodium 
hydroxide, which will dissolve any aluminium hydroxide present 
but will not affect the ferric hydroxide. Filter, and to the filtrate 
add hydrochloric acid in slight excess, and then make alkaline 
with ammonium hydroxide again. This will precipitate any 
aluminium that may be present as pure aluminium hydroxide. 

2. Blowpipe Test with Cobalt Nitrate. Light colored and 
infusible aluminium minerals when moistened with a drop of 
cobalt nitrate and heated intensely before the blowpipe assume 
a dark blue color. 


Antimony. 


1. Oxide Coating on Charcoal. When an antimony mineral 
is heated in the oxidizing flame on charcoal, a heavy white coat- 
ing of antimony oxide settles on the charcoal at a short distance 
from the mineral. The coating is readily volatile when heated. 

2. Open Tube Test. When metallic antimony or a compound 
of antimony with sulphur is heated in the open tube, a white 
powdery sublimate of antimony oxide, Sb,O;, forms in a ring 
on the inner wall of the tube, a short distance above the mineral. 
It is a volatile coating. If the mineral contains sulphur, as is 
usually the case, a second coating will form as a white powder 
along the bottom of the tube. It is another oxide of antimony, 
Sb.0,. It is nonvolatile and is usually more conspicuous than 


the first. 
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Arsenic. 


The test to be used for arsenic depends upon whether the 
mineral contains oxygen. In the majority of cases an arsehic 
compound does not contain oxygen, and then tests 1, 2 and 3 
will serve. If, on the other hand, the mineral is an oxygen com- 
pound, test 4 must be used. 

1. Oxide Coating on Charcoal. When an arsenic mineral 
is heated in the oxidizing flame on charcoal, a white coating of 
arsenious oxide, As,Os;, is deposited on the charcoal at some dis- 
tance from the mineral. The coating is very volatile. Its for- 
mation is usually accompanied by a characteristic odor of garlic. 

2. Open Tube Test. When an arsenic mineral is carefully 
heated in the open tube a colorless or white crystalline sublimate 
of arsenious oxide, As.O;, forms in a ring on the inner wall of 
the tube at a considerable distance above the mineral. It is 
very volatile. When examined with a lens the coating will 
usually show well-defined octahedral crystals. If the mineral 
is heated too rapidly, metallic arsenic may sublime instead of the 
oxide (see the next test). 

3. Closed Tube Test. Many arsenic minerals when heated 
in a closed tube yield a sublimate of metallic arsenic, known as 
the arsenic mirror. This sublimate shows an amorphous black 
band above and a silver-gray crystalline band below. If the 
bottom of the tube be broken off and the metallic arsenic volatil- 
ized by heat, the characteristic garlic odor will be obtained. 

4. Closed Tube Test for an Arsenate. When arsenic occurs 
in a mineral in the form of an arsenate, i.e., an oxidized com- 
pound, none:of the above tests will serve. In this case place the 
mineral in a closed tube with a splinter of charcoal and then 
heat. The charcoal will act as a reducing agent and set metallic 
arsenic free, which will condense on the wall of the tube as an 
arsenical mirror similar to that described under test 3. 


Barium. 


1, Flame Test. Barium minerals when heated intensely give 
a vellowish green flame color. 
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2. Precipitation as Barium Sulphate. Barium is precipi- 
tated as barium sulphate, BaSO,, from an acid solution by the 
addition of dilute sulphuric acid. The precipitate is white and 
finely divided and being very insoluble will form in a quite dilute 
solution (distinction from calcium and strontium). 

3. Alkaline Reaction. Barium is an alkaline earth metal. 
When a mineral contains barium in combination with a volatile 
acid, it will give, after ignition, a residue which will react alkaline 
on a piece of moistened turmeric paper. 


Beryllium or Glucinum. 


Beryllium is a rare element which has no simple blowpipe or 
chemical test. 
Bismuth. 


1. Charcoal Tests. When heated with sodium carbonate on 
charcoal in the reducing flame, a bismuth mineral will yield a 
metallic globule and an oxide coating. The metal is easily 
fusible, lead-gray when hot, but becomes covered with an oxide 
coating on cooling. It is only imperfectly malleable, for when 
hammered out it flattens at first but later breaks into. small 
grains. The oxide coating, Bi,O;, is white with a yellow ring 
next the mineral. These bismuth reactions are quite similar to 
those for lead (see page 102), consequently the following modi- 
fication is useful. If the bismuth mineral is fused on charcoal 
with a mixture of potassium iodide, KI, and sulphur (see page 
92), a characteristic and distinctive coating is obtained. This 
sublimate is yellow next to the mineral and brilliant red on 
the outside. Under similar conditions with lead a solid yellow 
coating would be obtained. 


Boron. 


1. Flame Test. Some boron minerals give a yellow-green 
flame when heated alone. Most boron minerals, however, will 
only yield the flame color when their powder is mixed with acid 
potassium sulphate and fluorite mixture (see page 92) and then 
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introduced on a platinum wire into a Bunsen burner flame. As 
the mixture fuses, a momentary but distinct green flame is 
obtained. 


Calcium. 


1. Flame Test. When calcium occurs in a mineral in such 
a state that it can be volatilized by heat, it will yield a charac- 
teristic orange flame color. Frequently the mineral has to be 
moistened by hydrochloric acid before heating. The flame 
should not be confused with the crimson and more persistent 
flame of strontium or lithium. 

2. Alkaline Reaction. Calcium is an alkali-earth metal. 
When a mineral contains calcium in a combination with a vola- 
tile acid, it will give, after ignition, a residue which will react 
alkaline on a piece of moistened turmeric paper. 

3. Precipitation as Calcium Oxalate or Carbonate. Cal- 
cium is readily and completely precipitated from alkaline solu- 
tions as calcium oxalate, CaC,O,, or calcium carbonate, CaCOs, 
by the addition of ammonium oxalate, (NH,4)2C.O., or ammonium 
carbonate, (NH,)2CO;. Both precipitates are white and finely 
divided. 

4. Precipitation as Calcium Sulphate. Calcium is precipi- 
tated from a concentrated hydrochloric acid solution as calcium 
sulphate on the addition of a little dilute sulphuric acid. The 
precipitate is quite readily soluble in water and therefore will 
not form in a dilute solution (distinction from barium and 
strontium), 


Carbon. 

Carbon exists in minerals chiefly in the form of carbonic acid 
in the carbonates. 

1. Test for Carbon Dioxide with an Acid. All carbonates 
when treated with a strong acid (best hydrochloric) dissolve 
with a vigorous effervescence of carbon dioxide gas. In some 
cases (for example, dolomite, CaMg(COs)2) the acid needs to be 
heated to start the reaction, and in others (for example, cerussite, 
PbCO;) a dilute acid is necessary. Carbon dioxide gas is colorless 
and odorless. 1 will not support combustion, as is shown when 
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a lighted match is placed in a test tube that contains it. The 
gas is heavier than air and can be poured from the test tube in 
which it has been generated into another in which some barium 
hydroxide solution has been placed. When the contents of the 
latter tube are shaken together, the carbon dioxide reacts with 
the barium hydroxide to form a white precipitate of barium 
carbonate, BaCQ;. 
Chlorine. 


1. Precipitation as Silver Chloride. Chlorine is precipi- 
tated from a dilute nitric acid solution as silver chloride, AgCl, 
by the addition of a small amount of silver nitrate, AgNOs. 
The test is very delicate, traces of chlorine being shown by a 
milky appearance of the solution. When in any quantity the 
precipitate is curdy in form. It is white on precipitation but 
darkens on exposure to light. It is soluble in ammonium 
hydroxide. 


Chromium. 

1. Bead Tests. Chromium is usually tested for by the color 

it gives to the fluxes (see page 91). The salt of phosphorus bead 

when fused in the oxidizing flame yields a fine green color. This 
is the most characteristic chromium bead. 


Cobalt. 
1. Bead Tests. A cobalt mineral when fused in either a 
borax or salt of phosphorus bead yields a distinctive dark blue 
color. The test is very delicate. 


Columbium, see Niobium. 


Copper. 


1. Flame Tests. An oxidized compound of copper when 
intreduced into the flame gives it a vivid green flame color due 
to the copper oxide volatilized. When the mineral is moistened 
with hydrochloric acid and then heated, the flame color is an 
intense blue. If the mineral is a sulphide, it must be roasted in 
the oxidizing flame before moistening with hydrochloric acid. 
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2. Blue Solution with Ammonium Hydroxide. If an acid 
solution containing copper is made alkaline with ammonium 
hydroxide, it will assume a deep blue color. 

3. Reduction to Metal on Charcoal. When a small 
amount of a copper mineral is mixed with a flux (best equal 
parts of sodium carbonate and borax), placed on charcoal and 
heated intensely in the reducing flame, metallic globules of cop- 
per will be formed. They are difficultly fusible, bright when 
hot, but become coated with an oxide coating on cooling. They 
are malleable and show the characteristic copper color. Sul- 
phides of copper must first be roasted in the oxidizing flame in 
order to remove the sulphur before mixing with the flux. 


Fluorine. 


1. Etching Tests. The ordinary test for fluorine consists 
in converting it into hydrofluoric acid and observing the latter’s 
etching effect upon glass. A watch glass or other piece of glass 
may be covered with paraffin and then the coating removed 
in spots. Upon this is placed the powdered mineral with a 
few drops of concentrated sulphuric acid. The action of the 
acid upon the fluoride will serve to liberate hydrofluoric acid, 
which will in turn etch the glass where it has been exposed. 
The action should be allowed to continue for some time, when 
on cleaning the glass the etched spots will be visible. 

A modification of the above test can be made in a closed tube. 
Take a closed tube of about } inch diameter and made preferably 
of hard glass. Into this introduce a powdered mixture of the 
mineral, glass and acid potassium sulphate, and then heat in 
the Bunsen burner flame. When heated, acid potassium sul- 
phate is converted into the normal potassium sulphate with 
the liberation of sulphuric acid. The acid attacks the fluoride 
and sets free hydrofluoric acid. This in turn acts upon the glass 
present and etches it. The etching, however, is not readily 
apparent on account of the conditions of the experiment. Asa 
secondary reaction, however, there will be formed in the upper 
part of the tube a white sublimate of silicon dioxide. This 
sublimate is volatile because of the presence with it of small 
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amounts of hydrofluosilicic acid. If the bottom of the tube is 
broken off and its interior gently washed with water, this acid 
will be dissolved and removed. If the tube is now dried again, 
the white coating will prove to be no longer volatile. This 
silicon dioxide coating is a proof of the action of hydrofluoric 
acid in the bottom of the tube and therefore of the presence 
of fluorine in the mineral. 


Glucinum, see Beryllium. 


Gold. 


There is no simple blowpipe or chemical test for gold. Or- 
dinarily its physical characteristics are sufficient to identify it. 
For a discussion of the occurrence and tests for gold see page 126. 


Hydrogen. 

1. Closed Tube Test for Water. Hydrogen exists in min- 
erals either as water of crystallization (for example, gypsum, 
CaSO,.2H,0O) or as the hydroxyl radical (for example, brucite, 
Mg(OH),). In either case its presence may be detected by 
heating a fragment of the mineral in a closed tube and observing 
the water which condenses upon the upper cold wall of the tube. 
Water of crystallization is driven off more readily than water of 
hydroxyl, but the test is easily obtained in either case. 


Tron. 


1. Magnetic Test. Any mineral that contains a sufficient 
amount of iron to permit it to be classified as an iron mineral 
will readily become magnetic when heated in the reducing part 
of the blowpipe flame. A comparatively small fragment should 
be used and the test made with a magnet after it has cooled. 

2. Precipitation with Ammonium Hydroxide. [erric iron 
is readily and completely precipitated as ferric hydroxide, 
Fe(OH);, from an acid solution by adding an excess of ammo- 
nium hydroxide. It is a flocculent precipitate with a reddish 
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brown color. If there is any doubt as to the state of oxidation 
of the iron in the original solution, a few drops of nitric acid 
should be added and the solution heated in order to make cer- 
tain that the iron is ferric. 

3. Cyanide Tests for Ferrous and Ferric Iron. Occa- 
sionally it may be important to determine whether the iron in 
a mineral is ferrous or ferric in its valence. This can be done 
only when the mineral is soluble in a nonoxidizing acid like 
hydrochloric and when it is not a sulphide. If these conditions 
can be fulfilled, then divide the solution into two parts. To one 
add a few drops of a dilute solution of potassium fericyanide, 
and if the solution contains any ferrous iron a heavy dark blue 
precipitate will form. If, on the other hand, it contained only 
ferric iron, there would be no precipitate but only a darkening 
of the color of the solution. To the second portion of the 
solution add a few drops of a dilute solution of potassium fero- 
cyanide, and if there is any ferric iron present a heavy dark blue 
precipitate similar to the one in the previous case will form. 
But if the solution contained only ferrous iron, a light blue 
precipitate would be formed. The characteristic dark blue pre- 
cipitate must contain both valences of iron and will only form 
when a cyanide is added containing the opposite kind of iron to 
that already in the solution. 

Ammonium or potassium sulphocyanate is also used in making 
the ferric test. A few drops of one of these reagents added to 
a ferric iron solution will give it a deep red color. All of these 
tests are extremely delicate and will give good results if only a 
trace of iron is present. They should never be used to deter- 
mine the presence of iron in a mineral but only to differentiate 
ferrous from ferric iron. 


Lead. 


1, Charcoal Test. Any lead mineral when powdered and 
mixed with sodium carbonate will yield a metallic globule when 
the mixture is heated on charcoal in the reducing fame. The 
globule is bright lead color when hot, but becomes covered with 
a dull oxide coating on cooling. It is very malleable and can 
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be hammered out into a thin sheet. A coating on the charcoal 
of lead oxide, PbO, will also form, which varies in color from 
yellow next to the fused mass to white at a distance. It will be 
best obtained by removing the lead globule to a fresh piece of 
charcoal and heating it in the oxidizing flame. 

2. Acid Tests. Lead minerals as a rule are only slowly 
attacked by acids. Dilute nitric acid is the best solvent to use. 
If to a nitric acid solution a few drops of hydrochloric or sul- 
phurie acid are added, white precipitates will form, which are 
respectively lead chloride, PbCl, and lead sulphate, PbSOQ,. 
The latter is quite insoluble. : 


Lithium. 
1. Flame Test. Lithium is a rare element which is to be 


distinguished by the persistent and strong crimson color which 
it gives to the flame. 


Magnesium. 


1. Precipitation as Ammonium Magnesium Phosphate. 
The only common test for magnesium is to precipitate it in the 
form of ammonium magnesium phosphate, NH,MgPO,, by the 
addition of hydrogen sodium phosphate, HNazPO,, to a strongly 
ammoniacal solution. The precipitate usually forms somewhat 
slowly, is white in color and frequently is granular in texture. 
In order to make a decisive test certain precautions are neces- 
sary. As the precipitation is made in an ammoniacal solution, 
any precipitates formed by an excess of ammonium hydroxide 
must be first filtered off. It may be necessary before adding 
the ammonium hydroxide to add a few drops of nitric acid so 
as to make certain that any iron in the solution is in the ferric 
state. Also, before making the final test, any elements, such 
as calcium, strontium and barium, that are precipitated in am- 
moniacal solution by means of ammonium oxalate, must be 
removed. In any case their presence must be tested for before 
adding the hydrogen sodium phosphate, because, if present, they 
would be precipitated by that reagent along with the magnesium. 
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Manganese. 


1. Bead Tests. a. Manganese gives to the sodium carbo- 
nate bead when heated in the oxidizing flame a characteristic 
bluish green color. The bead is opaque when cold. 

b. With the borax bead, when heated in the oxidizing flame 
manganese gives a purple or amethystine color. The bead is 
transparent when cold. 

Both tests are very delicate. 


Mercury. 
1. Closed Tube Tests. The powdered mineral is thoroughly 
mixed with dry sodium carbonate and placed in a closed tube 
and then heated. The sodium carbonate will decompose the 
mineral and liberate metallic mercury, which will volatilize and 
condense in the upper part of the tube. 

2. Precipitation on Copper. Boil the powdered mineral 
with hydrochloric acid, into which some powdered pyrolusite, 
MnO,, has been placed. The chlorine evolved by the action 
of, the acid on the manganese dioxide will serve to dissolve the 
mercury mineral. If into this solution a clean strip of copper 
is placed (a cent which has been cleaned with a little nitric acid 
will serve), it will become covered by a thin coating of metallic 
mercury. 

The chief and only common mineral of mercury is cinnabar, 
HgS, and for its distinctive physical and chemical tests see 
page 145. 


7 


Molybdenum. 


The tests for the rare element molybdenum depend upon 
whether it is in combination with sulphur or in an oxygen com- 
pound. See under molybdenite, page 137, and under wulfenite, 
page 308, for descriptions of the various tests. 


Nickel. 


1. Borax Bead Test. When dissolved in a borax bead in the 
oxidizing flame, nickel will give it a brownish color. If the bead 
is heated in the reducing flame for some time, it will become 
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opaque because of the separation in it of metallic nickel. The 
brown color due to nickel is often masked by the deep blue color 
due to the presence of cobalt, which is frequently associated 
with nickel in its occurrence. In this case there is no simple 
test for nickel. 

2. In Ammoniacal Solution. A comparatively strong acid 
solution of nickel will on the addition of an excess of ammonium 
hydroxide become light blue in color. The test should not be 
confused with the similar but stronger test for copper. j 


Niobium. 


Niobium, or columbium, as it is sometimes called, is a rare 
acid element that is associated with tantalum in the niobates 
and tantalates. 

1. Reduction Test with Tin. The best test for niobium 
is to fuse some of the powdered mineral with several parts of 
sodium carbonate. The resulting mass is dissolved in a few 
cubic centimeters of dilute hydrochloric acid and then a few 
grains of metallic tin are added. The solution is boiled and the 
hydrogen set free by the action of the acid on the tin serves as 
a reducing agent. The result is to form a compound of niobium 
which is dark blue in color. This color does not readily change 
to brown on continued boiling, and disappears on addition of 
water. This distinguishes the niobium test from a similar one 


for tungsten (see page 111). 


Oxygen. 

While oxygen is one of the most common elements in minerals, 
its presence is ordinarily determined indirectly by testing for 
the different oxygen acids. In the case of a few oxides in which 
there is an excess of oxygen, a direct test may be made. 

1. Closed Tube Test. The powdered oxide is placed in a 
closed tube with a small splinter of charcoal resting just above 
it. The tube is heated and if free oxygen is evolved the charcoal 
will at first glow and then burn with a bright light. It is to be 
noted that only a few oxides which contain an excess of oxygen 


will give this test. 
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Phosphorus. 


1. Precipitation with Ammonium Molybdate. Phosphorus 
exists in minerals in the form of phosphoric acid in the phos- 
phates. It is best tested for by forming a dilute nitric acid 
solution of the mineral and adding a few cubic centimeters of 
this to an excess of ammonium molybdate solution. A canary- 
yellow precipitate of ammonium phosphomolybdate will be 
formed. The precipitate forms slowly at first and comes down 
best in a warm solution. 

2. Flame Test. Many phosphates when heated before the 
blowpipe give a pale bluish green flame color. This may fre- 
quently be obtained better when the mineral has previously 
been moistened with a drop of concentrated sulphuric acid. 


Platinum. 


There are no simple blowpipe or chemical tests for platinum. 
The physical characteristics of the metal are usually sufficient 
for its identification (see page 132). 


Potassium. 


1. Flame Test. Volatile potassium salts give a character- 
istic pale violet flame color. The potassium flame will, how- 
ever, commonly be obscured by the stronger yellow flame of 
sodium. This difficulty can be overcome by filtering the flame 
through a piece of blue glass. The sodium flame, being a mono- 
chromatic light, cannot pass through the blue glass, while the 
violet flame of potassium will be visible. 

When the potassium does not exist in the mineral in a volatile 
state, as in the case with potassium silicates, the powdered min- 
eral must be first thoroughly mixed with gypsum (CaSQ,.2H.0) 
and the mixture introduced into the Bunsen burner flame on 
a platinum wire. There will be a reaction between the two, 
and the potassium will be liberated in the form of a sulphate, 
which, being a volatile salt, will give the flame color. It will 
be momentary in duration and must be viewed through the 
blue glass. 
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Silicon. 


Silicon exists as the acid element in the large group of minerals 
known as the silicates. Some of these are readily soluble in 
acids, but the greater part are quite insoluble. The tests em- 
ployed differ somewhat in the two cases. 

1. Test for a Soluble Silicate. If the silicate is soluble, it 
should be powdered and dissolved in boiling hydrochloric acid. 
When this solution is evaporated a jellylike material will sepa- 
rate out just before dryness is reached. This silica jelly, as 
it is called, is a form of silicic acid and proves the presence of 
silicon in the mineral. On continued evaporation it will be 
dehydrated and converted into a sandy and insoluble substance 
having the composition of silicon dioxide, SiOz. 

2. Test for an Insoluble Silicate. In the case of an in- 
soluble silicate, the mineral must be decomposed by fusion 
with sodium carbonate before treating it with an acid. Make 
a mixture of one part of the powdered mineral to three parts of 
sodium carbonate and fuse thoroughly before the blowpipe on a 
loop of platinum wire. It is best to make two or three such 
beads. The fusion serves to decompose the silicate and to 
render the resulting mass wholly soluble in acids. The beads 
are powdered and dissolved in boiling dilute nitric acid. The 
evaporation is conducted as explained in experiment 1 and a 
similar silica jelly is obtained. 

Frequently it is desirable to make tests for the bases which 
are present in the silicate. In this case, after the formation of 
the jelly, continue the evaporation to complete dryness. This 
converts the silicon into the insoluble oxide but leaves the bases 
in the form of various soluble salts. Treat the residue in the 
test tube with a little water and hydrochloric acid, warm and 
filter from the insoluble silica. Add an excess of ammonium 
hydroxide to the filtrate to precipitate any aluminium or ferric 
iron as their respective hydroxides. Filter if necessary, and to 
the filtrate add a little ammonium oxalate to precipitate any 
calcium as calcium oxalate. Filter again, and to the filtrate add 
more ammonium hydroxide if necessary and then a little hydro- 
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gen sodium phosphate, which will precipitate any magnesium 
present as ammonium magnesium phosphate. 

3. Decomposition of Silicates by Acids. Certain silicates, 
when their powder is treated with boiling hydrochloric acid, 
are decomposed, the bases going into solution and the silicon 
separating as the dioxide, SiOz. In this case there would be 
no jelly formed when the solution is evaporated. The mineral 
powder in such cases disappears, but the solution never becomes 
perfectly clear owing to the silica, which remains in suspension 
in the solution. It gives the solution a translucent appearance. 
The surest proof that the mineral has been decomposed is to 
filter the solution and test for various bases in the filtrate in a 
similar manner to that described under test 2. 

4. Test with the Salt of Phosphorus Bead. When the 
powder of a silicate is heated in a salt of phosphorus bead, the 
bases are dissolved, leaving the silica present as an insoluble 
translucent skeleton. 


Silver. 


1. Reduction to the Metal on Charcoal. Silver can fre- 
quently be reduced to a metallic globule from its compounds 
by heating the powdered mineral on charcoal with sodium car- 
bonate. The resulting globule is bright both when hot and 
cold. It is malleable. No accompanying coating is formed 
on the charcoal. This test for silver is frequently complicated 
by the presence of lead, arsenic or antimony in the mineral. 
Usually the mineral should be carefully roasted on charcoal in 
the oxidizing flame before attempting the reduction in order to 
remove the last two; otherwise a brittle globule will result. 
In many cases the only satisfactory test for silver is the fire 
assay. 

2. Precipitation as Silver Chloride. When a silver mineral 
is dissolved in nitric acid and to the solution a few drops of 
hydrochloric acid is added, a white curdy precipitate of silver 
chloride, AgCl, is formed. The test is quite delicate, and if 
there is only a trace of silver in the solution its presence will be 
indicated by a milky-blue coloration. The precipitate is white 
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at first but darkens on exposure to light. It is soluble in am- — 
monium hydroxide. Frequently when a silver mineral is treated 
with nitric acid a precipitate will result at once. This may be 
metantimonic acid, lead sulphate, etc., and should be filtered 
off before making the silver test. 


Sodium. 


1. Flame Test. Sodium compounds when heated give a 
strong and persistent yellow flame. The test is very delicate 
and must be used with care, for only a trace of sodium may 
yield a distinct flame. If the mineral contains sodium in any 
notable amount, it should give an intense and continuous flame 
color. 


Strontium. 


1. Flame Color. Strontium compounds give a very strong 
and persistent crimson flame. The only other flame which is 
similar is that obtained from lithium. Strontium can be posi- 
tively determined from lithium by the following tests. 

2. Alkaline Reaction. When a mineral contains strontium 
in combination with a volatile acid, it will give, after ignition, a 
residue which will react alkaline on a piece of moistened turmeric 
paper. 

3. Precipitation as Strontium Sulphate. Strontium is pre- 
cipitated from a mediumly dilute solution as strontium sulphate, 
SrSO., on the addition of a little dilute sulphuric acid. The 
precipitate is somewhat soluble and will not form in very dilute 
solutions (distinction from calcium and barium, which see). 


Sulphur. 
Sulphur exists in minerals either without oxygen, as in the 
sulphides, or with oxygen, as in the sulphates. These two types 
of sulphur compounds require different tests. 


Tests for Sulphur in Sulphides. 
1. Open Tube Test. Sulphides when heated in the open 
tube give off sulphur dioxide gas, which escapes with the current 
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of air from the upper end of the tube. Its presence can be de- 
tected by its pungent and irritating odor. A piece of moistened 
blue litmus paper inserted into the upper end of the tube will 
turn red on account of the sulphurous acid formed. 

2. Charcoal Test. The odor of sulphur dioxide may be 
obtained when a sulphide is roasted on charcoal. 

3. Fusion with Sodium Carbonate. When a sulphide is 
fused on charcoal with sodium carbonate, the residue, unless the 
heating has been too prolonged, will contain sodium sulphide. 
If the slag is removed and placed with a drop of water on a 
clean silver surface (a coin will serve), there will result a dark 
brown stain due to the formation of silver sulphide. 


Tests for Sulphur in Sulphates. 

The test for sulphuric acid depends upon whether the sulphate 
is soluble or insoluble in acids. 

1. Test for a Soluble Sulphate. If the sulphate is soluble, 
treat it with hydrochloric acid, and to the resulting solution add 
a little barium chloride. A heavy white precipitate of barium 
sulphate will result. 

2. Test for an Insoluble Sulphate. Powder the mineral, 
mix with sodium carbonate and charcoal dust and fuse on char- 
coal in the reducing flame. The charcoal serves to reduce the 
sulphate to a sulphide, so that the resulting slag contains sodium 
sulphide. When the fused mass is placed with a drop of water 
on a clean silver surface, a dark brown stain of silver sulphide 
will form. It is to be noted that a sulphide would yield the 
same test (see above), so that it is necessary to make certain that 
the mineral being tested does not belong to that chemical group. 


Tantalum. 


There is no simple test for tantalum. It is usually associated, 
however, with niobium (see page 105). 


Tellurium. 


1. Test with Sulphuric Acid. When a telluride is heated 
in concentrated sulphuric acid, it gives a deep crimson color to 
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the solution. The color will disappear if the acid is heated too 
hot, or if after cooling it is diluted with water. 

2. Charcoal Test. When heated on charcoal a white sub- 
limate of TeO, is formed which somewhat resembles antimony 
oxide. It is volatile and when touched with the reducing flame 
gives a pale greenish color to it. 

Tin. 

1. Reduction to Metallic Globule. Take a small amount 
of the finely powdered mineral and mix it with five or six volumes 
of sodium carbonate and considerable charcoal dust and fuse 
intensely on charcoal in the reducing flame. Small bright 
globules of metallic tin will result. They become covered with 
an oxide coating on cooling. A white and difficultly volatile 
tin oxide coating will form on the charcoal. If the tin globule 
is treated with a little concentrated nitric acid, it will be con- 
verted into a white powder, which is metastannic acid. 


~_ 
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1. Reduction Test in Hydrochloric Acid. A compara- 
tively concentrated hydrochloric acid solution containing tita- 
nium will become pale violet in color when it is boiled with a 
few grains of metallic tin. The hydrogen liberated by the ac- 
tion of the acid on the tin is a reducing agent and forms TiCl; 
in the solution which gives this color. The color is not a strong 
one, and the solution may have to be evaporated nearly to dry- 
ness in order to show it distinctly. Most titanium minerals 
are insoluble in hydrochloric acid and must first be thoroughly 
fused with sodium carbonate in order to bring the titanium into 
soluble form. The fusion is best done by introducing the finely 
powdered mineral into a sodium carbonate bead made on a 
platinum wire. Several such beads should be used. 


Tungsten. 


1. Reduction Test in Hydrochloric Acid. Treat a tungsten 
mineral with hydrochloric acid. If it is decomposed by the acid 
a yellow precipitate of tungstic oxide, WOs, will result. Add 


Titanium. Alintien of Hf, oO, 
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to the acid a few grains of metallic tin and boil. The hydrogen 
set free by the action of the hydrochloric acid on the tin serves 
as a reducing agent and ‘converts the yellow WO; to a blue pre- 
cipitate which is a mixture of the two oxides WO; and WO;. On 
continued reduction the oxide becomes all WO, and is brown in 
color. The test is similar to the one for niobium, but is to be 
distinguished from that, since the blue color in the tungsten test 
does not disappear on dilution of the solution; and further, it 
turns to brown on continued reduction. If the tungsten mineral 
is not attacked by hydrochloric acid, its powder must first be 
thoroughly fused with sodium carbonate. The resulting mass 
is powdered and digested with water, which will dissolve the 
sodium tungstate formed during the fusion. After filtering the 
reduction test is made as described above. 


Uranium. 


1. Bead Tests. The tests for uranium consist in the colors it 
imparts to the fluxes (see page 91). The yellowish green color 
given to the salt of phosphorus bead when heated in the oxidiz- 
ing flame is the most characteristic. 


Vanadium. 


1. Bead Tests. The tests for vanadium consist in the colors 
it imparts to the fluxes (see page 91). The amber color given to 
the salt of phosphorus bead when heated in the oxidizing flame 
is the most characteristic. 


Zinc. 


1, Oxide Coating on Charcoal. Metallic zinc is easily ob- 
tained from the zine minerals by fusing them with sodium car- 
bonate on charcoal in the reducing flame. But, since the metal 
is volatilized at a temperature considerably below that of the 
blowpipe flame, no metallic globule can be formed. The metallic 
zinc is therefore all volatilized, and, meeting the oxygen of the 
surrounding air, is converted into the oxide, ZnO, which drops 
upon the charcoal as a nonvolatile coating, which is yellow when 
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_ hot but white when cold. The coating deposits very close to 
the fusion. It may frequently be obtained in more distinct form. 
by making the fusion on a loop of platinum wire, which is held 
about one-quarter of an inch from the surface of a charcoal block 
and the blowpipe flame so directed that the oxide coating is de- 
posited upon the charcoal behind the bead. If the coating is 
moistened with a drop of cobalt nitrate.and then heated intensely 
by the blowpipe flame, it will become dark green in color. 

2. Flame Color. Some zinc minerals, when a fragment is 
held in the forceps and heated in the reducing flame, will show 
a characteristic flame color. This is due to the burning in the 
flame of the metallic zinc which has been volatilized. It takes 
the form of momentary streaks or threads in the flame and has 
a pale greenish blue color. 


IV. DESCRIPTIVE MINERALOGY. 
INTRODUCTION. 


Descriptive Mineralogy should include first of all a descrip- 
tion of the crystallographic, general physical and chemical charac- 
ters of each mineral species, and should further give an account 
of its mode of occurrence and characteristic associations. The 
localities at which a mineral occurs in notable amount or quality 
should also be mentioned. In the case of minerals possessing an 
economic value, a brief statement of their uses is of interest. The 
order in which these various items are given under each mintral 
in this Section is as follows: 


Chemical Composition. 
Crystallization. 

Structure. 

General Physical Properties. 
Tests. 

Occurrence. 


Use. 
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Descriptive Mineralogy should also point out the chemical 
and physical relationships existing between the different mineral 
species. It will be noted that many minerals fall into definite 
groups the members of which have chemical and crystallographic 
features in common. The most scientific classification of min- 
erals recognizes these facts and places the minerals having analo- 
gous chemical compositions together, and further groups them 
according to crystallographic and physical similarities. Short 
paragraphs will be found in various parts of this Section which 
explain more fully these relationships. The prominent chemical 
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groups of this classification and the order in which they are 
treated are given below: 


. Native Elements. 


Sulphides, etc. 
Sulpharsenites, etc. 
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12. Sulphates, etc. 
13. Tungstates, Molybdates. 


At the end of the matter descriptive of individual species will 
be found small sections devoted to (a) Minerals of economic 
importance arranged according to the chief elements they con- 
tain; (b) Occurrence and association of minerals; (c) Table of 
minerals arranged according to the systems of crystallization. 


ELEMENTS. 


Comparatively few of the elements are found in the native 
state, and moreover, these are in general rarein occurrence. The 
elements occurring as minerals may be divided into three classes: 
(1) Nonmetals, (2) Semimetals and (3) Metals. The important 
minerals among the nonmetals are diamond, graphite and sul- 
phur. The semimetals — tellurium, arsenic, antimony and bis- 
muth — belong together in a crystal group, all of them showing 
rhombohedral crystals with closely agreeing fundamental angles. 
The Gold Group is the most important one among the metals, 
including the isometric minerals, — gold, silver and copper. An- 
other group contains the rare metals platinum and iron. 


ee 
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I. NONMETALS. 
Diamond. 


Composition. Pure carbon. 
Crystallization. Isometric; tetrahedral. Crystals are usually 
octahedral in habit, but the faces are commonly curved or pitted 


Fig. 203. Fig. 204. 


(Fig. 203). Curved faces of the hexoctahedron are frequently 
observed (Fig., 204). Cubic and dodecahedral planes rare. 


Fig. 205. Fig. 206. 


Twins, with the octahedron as twinning plane (Fig. 205); often 
flattened. 

‘Structure. Usually in crystals, but commonly distorted into 
elongated and irregular forms. At times in spherical forms with 
radiating structure. Rarely massive. 

Physical Properties. Perfect cleavage parallel to is octa- 
hedral faces. H.=10 (hardest substance known). G. = 3.5. 
Luster adamantine or greasy. Usually colorless or pale yellow. 
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Also pale shades of red, orange, green, blue and brown. Rarely 
in deep shades of blue, red or green; at times black. Usually 
transparent but may be translucent or opaque. Very high index 
of refraction (diamond = 2.42, quartz = 1.55). Strong disper- 
sion of light. Electrified by friction and becomes phosphorescent 
when rubbed with a cloth. Some stones after exposure to sun-’ 
light give off a phosphorescent glow in the dark. 

Varieties. Ordinary. Inrounded crystals, some of which are 
perfectly transparent and colorless (first water). Others are 
faintly colored in various shades and frequently contain inclu- 
sions and are flawed. Bort. In rounded spherical forms with 
radiating structure or made up of confused crystalline aggre- 
gates; usually gray, brown or black in color and translucent to 
opaque. Fragments of crystals that are unavailable for cutting 
are also frequently called bort. Carbonado or black diamond. 
Massive with crystalline structure or granular to compact with- 
out cleavage. Black or grayish black; opaque. 

Tests. To be distinguished by its great hardness, its ada- 
mantine luster and its octahedral cleavage. Burns at a high 
temperature to CO, gas, leaving no ash. Will burn readily in 
oxygen gas, giving off a brilliant light. 

Occurrence. The diamond is a rare mineral. It has been found 
in many different localities, but only a few have furnished the mineral 
in notable amount. Most commonly the diamond is found in the 
sands and gravels of stream beds, where it has been preserved by its 
great hardness and fairly high specific gravity. In South Africa 
and recently in Arkansas it has been found embedded in masses of 
an igneous rock, known as peridotite. Three countries have up to 
the present furnished practically the entire world’s output of dia- 
monds, namely, India, Brazil, and South Africa. 

The important diamond fields of India are located in the eastern 
and southern portions of the peninsula. Many of the famous old 
diamond fields in this region are now abandoned, but work is still 
carried on by the natives in the mines in a district lying to the south 
of Allahabad and Benares. Many of the world’s famous diamonds 
were found in India, but at present the yield is small. 

Diamonds were discovered in Brazil in the first half of the eight- 
eenth century, and have been mined there ever since. At present, 
however, the production is comparatively small. They are found in 
the stream gravels in several different districts, the two most im- 
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portant being located in the provinces of Minas Geraes and Bahia. 
The city of Diamantina, Minas Geraes, is situated in the center of the 
most productive field, the diamonds being found chiefly in the gravels 
of the Rio Jequitinhonha and Rio Doce. Extensive upland deposits 
of diamond-bearing gravels and clays are also worked. 

About 96 per cent of the world’s output of diamonds comes at 
‘present from South Africa. The first diamonds were discovered in 
the gravels of the Vaal River in 1867. The diamond-bearing gravels 
covered a considerable area but were not very thick. Later the 
diamonds were discovered embedded in the rock of several volcanic 
necks located near the present town of Kimberly in Griqualand- 
West, south of the Vaal River, near the boundary of the Orange 
Free State. The diamonds in this district were first discovered in the 
soil resulting from the disintegration of the underlying diamond- 
bearing rock. This soil was colored yellow by iron oxides, and was 
known as the “yellow ground.” The underlying, undecomposed 
peridotite rock from which the diamonds are obtained at present 
is called the ‘‘blue ground.” The principal mines are the Kimberly, 
Du Toitspan, De Beers and Bultfontein, near Kimberly, the Jagers- 
fontein in the Orange Free State, and the Premier in the Transvaal. 
The mines were originally worked as open pits, but, as they have 
increased in depth, underground methods have been adopted. The 
blue rock containing the diamonds is brought to the surface, crushed 
into coarse fragments and spread out on platforms to gradually dis- 
integrate under atmospheric influences. The resulting gravel is 
washed over and concentrated, the diamonds being finally separated 
on shaking tables that have been coated with grease, to which the 
diamond crystals stick, while the rest of the material is washed 
away. Diamonds have also recently been discovered in alluvial 
deposits near Liideritzbuchte, German Southwest Africa. 

Diamonds have been found sparingly in various parts of the 
United States. Small stones have occasionally been, discovered in 
the stream sands along the eastern slope of the Appalachian Moun- 
tains from Virginia south to Georgia. Diamonds have also been 
reported from the gold sands of northern California and southern 
Oregon. Sporadic occurrences of diamonds have been noted in the 
glacial drift in Wisconsin, Michigan and Ohio. In 1906 the first 
diamond was found at a new locality situated near Murfreesboro, 
Pike County, Arkansas. The stones are found here not only in the 
detrital soil but also embedded in the underlying peridotite rock in 
a manner quite similar to that of the South African occurrence. 

General. The diamond is the most important of the gem stones. 
Its value depends upon its hardness, its brillianey, which is due to 
its high index of refraction, and to its ‘‘fire,”’ which is due to its strong 
dispersion of light into the prismatic colors. In general the most 
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valuable stones are those which are flawless and colorless or possess 
a “blue-white” color. A faint straw-yellow color, which diamond 
often shows, detracts much from its value. Deep shades of yellow, 
red, green or blue are greatly prized, and fine stones of these colors 
bring very high values. 

The diamond is cut by first cleaving off any undesirable or flawed 
portions of the crystal and then grinding facets upon it by use of 
diamond powder. The crystal is fixed at the end of a stick by means 
of soft solder, leaving the part projecting which is to be cut. A cir- 
cular plate of soft iron is then charged with diamond dust, and this 
by its revolution grinds and polishes the stone. Most diamonds are 
cut into the form known as the brilliant (see Fig. 206). This is a 
stone cut with a large eight-sided facet on top and a series of small 
inclined faces around it. The lower half consists of steeply inclined 
faces giving the stone on this side a pyramidal shape. The depth 
of a brilliant is nearly equal to its breadth, and it, therefore, can only 
be cut from a thick stone. Thinner stones, in proportion to the 
breadth, are cut into what is known as the rose diamond. This is 
a stone which has its upper surface covered with small triangular 
facets. Its lower surface may be one plane face, or the cutting of 
the upper half may be duplicated. With exceptional-shaped stones 
other cuttings are used. 

The value of a cut diamond depends upon its color and purity, 
upon the skill with which it has been cut and upon its size. A one- 
carat stone weighs 205 milligrams, and if cut in the form of a brilliant 
would be 6.25 milligrams in diameter and 4 millimeters in depth, and 
if of good color would be valued from $150 to $175. A two-carat 
stone of the same quality would have a value three or four times as 
great. 

Famous Stones. The older famous diamonds include the follow- 
ing: the Kohinoor, weighing 106 carats, is one of the crown jewels of 
Great Britain; the Regent or Pitt, weighing 136 carats, belonging to 
France; the Orloff, which is mounted in the Russian imperial scepter, 
weighs 193 carats; Austria owns the Florentine yellow diamond, 
which weighs 139 carats; the Star of the South, weighing 125 carats, 
is said to be in India. 

Large stones found more recently in South Africa include the 
following: The Victoria or Imperial, which weighed 457 carats when 
found, and 230 when cut. It was, however, later recut, its present 
weight being 180 carats. The Stewart weighed before and after 
cutting 288 and 120 carats respectively. The Tiffany diamond, 
which is of a brilliant yellow color, weighs 125 carats. The Colenso 
diamond, presented to the British Museum in 1887 by John Ruskin, 
weighs 1293 carats. The Excelsior diamond, found at Jagersfontein 
in 1903, is now known as the Jubilee, and weighs 239 carats. The 


120 MANUAL OF MINERALOGY 


Cullinan or Premier diamond was found at the Premier Mine, Trans- 
vaal, and was the largest stone ever found, weighing 3024 carats or 
1.7 pounds troy, and measured 4 by 23 by 2 inches. This stone was 
presented to King Edward VII by the Transvaal Government and 
has been cut into 9 large stones, the larger ones weighing 516, 309, 
92 and 62 carats respectively, and into 96 smaller brilliants. 


Name. The name diamond comes from the Greek word 
adamas, meaning “invincible.” 

Use. In addition to its wide use as a gem, the diamond is 
extensively used as an abrasive. Crystal fragments are used to 
cut glass. The fine powder is employed in grinding and polish- 
ing diamonds and other stones. The noncrystalline, opaque 
varieties, especially that known as carbonado, are used in the 
bits of diamond drills. These drills are frequently employed 
in mining operations to explore the rocks and to determine the 
position and size of ore bodies. Recently the diamond has been 
used in wiredrawing and in the making of tungsten filaments 
for electric lights. 


Graphite. 


Composition. Carbon, like the diamond. Sometimes im- 
pure with iron oxide, clay, ete. 

Crystallization. Hexagonal-rhombohedral. In tabular crys- 
tals with hexagonal outline. Prominent basal plane. Distinct 
planes of other forms very rare. Rhombohedral symmetry 
sometimes shown by triangular markings on base. 

Structure. In foliated masses; scaly; granular to compact; 
earthy. Sometimes in globular forms with radiated structure. 

Physical Properties. Perfect basal cleavage. H.= 1-2 (read- 
ily marks paper and soils the fingers). G.=2.2.. Luster metal- 
lic, sometimes dull earthy. Black color with brownish tinge. 
Black streak. Greasy feel. Folia flexible but not elastic. 

Tests. Infusible. Very refractory in its chemical nature. 
Recognized by its color, foliated structure and softness. Dis- 
tinguished from molybdenite by the brownish tinge to its black 
color (molybdenite has a blue tone) and the lack of chemical 
tests. 
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Occurrence. Graphite most commonly occurs in metamorphic 
rocks, such as crystalline limestones, schists and gneisses. It may 
occur as large crystalline plates inclosed in the rock or disseminated 
in small flakes in sufficient amount to form a considerable proportion 
of therock. In these cases, it has probably been derived from carbon 
material of organic origin which has been converted into graphite 
during the metamorphism of the rock. Instances are known in 
which coal beds, under influence of strong metamorphic action, such 
as the intrusion into them of an igneous rock, have in a greater or 
less degrea been converted into graphite. Examples of such an 
occurrence are to be found in the graphitic coals of Rhode Island, 
and in the coal fields of Sonora, Mexico. Graphite also occurs in 
fissure veins associated with calcite, quartz, orthoclase, pyroxene, 
etc. An example of such veins is to be found in the deposits at 
Ticonderoga, New York. Here the veins traverse a gneiss and 
besides the graphite contain quartz, biotite, orthoclase, tourmaline, 
apatite, pyrite, titanite, etc. The graphite may have been formed 
in these veins from hydrocarbons introduced into them during the 
metamorphism of the region and derived from the surrounding 
carbon-bearing rocks. Graphite occurs occasionally as an original 
constituent in igneous rocks. It has been observed in the basalts 
of Ovifak, Greenland, in an elzolite syenite from India, in a granite 
pegmatite from Maine, in meteorites, etc. 

The most productive deposits of graphite at present are on the 
island of Ceylon, where it occurs in coarsely foliated masses in veins 
in gneiss. It occurs in large amounts in various localities in Austria, 
Italy, India, Mexico, ete. The chief deposits in the United States 
are in the Adirondack region of New York, in Essex, Warren, Wash- 
ington and Saratoga counties. 

Artificial. Artificial graphite is manufactured on a large scale in 
the electrical furnaces at Niagara Falls. Anthracite coal with a 
small amount of evenly distributed ash is subjected to the intense 
heat of the electrical current and converted into graphite. The 
output of artificial graphite is considerably in excess of that of the 


natural mineral. 


Name. Derived from the Greek word “to write.” 

Use. Used in the manufacture of refractory crucibles for 
the steel, brass and bronze industries. Most of the graphite 
used in this way is imported from Ceylon. Used widely, when . 
mixed with oil, as a lubricant. Mixed with fine clay, it forms 
the “lead” of pencils. Much of the graphite used in the United 
States for this purpose comes from Sonora, Mexico. Used in 
the manufacture of a protective paint for structural iron and 
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steel works. Used in the coating of foundry facings, for elec- 
trodes, stove polishes, in electrotyping, etc. 


Sulphur. 

Composition. Sulphur; often impure with clay, bitumen, etc. 
Crystallization. Orthorhombic. Pyramidal in habit (Fig. 
207). Often with two pyramids, brachydome and base in com- 
bination (Figs. 208 and 209). 


Fig. 207. Fig. 208. Fig. 209. 


Structure. Often in irregular masses imperfectly crystallized. 
Massive, reniform, stalactitic, as incrustations, earthy. 

Physical Properties. H.= 1.5-2.5. G.= 2.05-2.09. Res- 
inous luster. Color sulphur-yellow, varying with impurities to 
yellow shades of green, gray and red. Transparent to opaque. 
Imperfect conductor of heat. When a fragment is held in the 
hand close to the ear it will be heard to crack. This is due to 
the expansion of the surface layers because of the heat from the 
hand, while the interior, on account of the slow heat conductivity, 
is unaffected. Crystals of sulphur should, therefore, be handled 
with care. 

Tests. Fusible at 1 and burns with a blue flame giving strong 
odor of sulphur dioxide. Sublimes in C. T. giving a red to dark 
yellow liquid when hot, yellow solid when cold. Told by its 
- yellow color and the ease with which it burns. 


- Occurrence. Found either associated with beds of gypsum, as 
an alteration product of a sulphate, or in connection with active or 
extinct voluanoes, as a result of fumerole action. Sometimes in 
connection with sulphides in metallic veins and derived from their 
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oxidation. Found in large deposits and in fine crystals near Gir- 
genti, Sicily, associated with celestite, gypsum, calcite, aragonite, 
etce.; also in connection with the voleanoes of Mexico, Hawaii, 
Japan, Iceland, etc. In the United States is mined in Calsasieu 
Parish, Louisiana, and in Wyoming and Utah. 


Use. Used in the manufacture of sulphuric acid, in the manu- 
facture of matches, gunpowder, fireworks, insecticides, for vul- 
eanizing rubber and in medicine. 


II. SEMIMETALS. 
Tellurium. 


Native tellurium with sometimes a small amount of selenium, 
gold, iron, ete. Hexagonal-rhombohedral. Crystals rare; usually 
minute hexagonal prisms with rhombohedral terminations. Com- 
monly massive, columnar to fine granular. Perfect prismatic cleay- 
age. H.=2-2.5. G.=6.1-6.3. Metallic luster. Tin-white color. 
Gray streak. Wholly volatile B. B. Fusible at 1. On charcoal 
tinges reducing flame green and gives a white oxide coating. Heated 
with concentrated sulphuric acid gives deep red color to solution. 
A rare species, found usually associated with the rare tellurides 
of gold and silver. Occurs with sylvanite near Zalathna, Transyl- 
vania, at the Good Hope Mine, Vulcan, Colorado, and in other dis- 
tricts in that state. Tellurium has little commercial value. 


Arsenic. 


Composition. Arsenic, often with some antimony and traces 
of iron, silver, gold, bismuth, etc. 

Crystallization. Hexagonal-rhombohedral. Crystals rare. 

Structure. Usually granular massive, sometimes reniform 
and stalactitic. 

Physical Properties. Perfect basal cleavage. H.=3.5. G.=5.7. 
Metallic luster. Color tin-white on fresh fracture, tarnishes 
on exposure to dark gray. Gray streak. 

Tests. Volatile without fusion. B. B. on charcoal gives 
white volatile coating of arsenious oxide and odor of garlic. In 
O. T. gives volatile crystalline deposit of arsenious oxide. In 
C. T. gives arsenic mirror. 
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Occurrence. A comparatively rare species found in veins in crys- 
talline rocks associated with antimony minerals, the ruby silvers, 
realgar, orpiment, sphalerite, etc. Found in the silver mines of 
Saxony, in Bohemia, Norway, Zmeov in Siberia, Chile, Mexico. 
Sparingly in the United States. 


Name. The name arsenic is derived from a Greek word 
meaning masculine, a term first applied to the sulphide of arsenic 
on account of its potent properties. 

Use. Very minor ore of arsenic. 


Antimony. 

Composition. Antimony, with (at times) small amounts of 
arsenic, iron or silver. 

Crystallization. Hexagonal-rhombohedral. Distinct crystals 
rare. 

Structure. Usually in granular masses showing distinct cleay- 
age; radiated; botryoidal. 

Physical Properties. Perfect basal cleavage. H.= 3-3.5. 
G. = 6.6-6.7. Metallic luster. Tin-white color. Gray streak. 

Tests. [asily and completely volatile. Fusibility 1. When 
heated on charcoal gives a dense white coating of antimony 
trioxide. Heated in O. T. gives a white, slowly volatile subli- 
mate of antimony trioxide. 

Occurrence. A rare species, found usually in connection with 
silver veins and associated with arsenic and antimony compounds. 
Occurs at Sala, Sweden; Andreasberg, Harz Mountains; at Pribram, 


Bohemia; Allemont, France; Chile; South Ham, Canada; York 
County, New Brunswick, etc. 


Use. Minor ore of antimony. 


Bismuth. 
Composition. Bismuth, with sometimes small amounts of 
arsenic, sulphur, tellurium. 
Crystallization. Hexagonal-rhombohedral. Distinct crys- 
tals rare. 


Structure. Usually laminated and granular; sometimes re- 
ticulated or arborescent. 


aol the 


GOLD 125 


Physical Properties. Basal and rhombohedral cleavage. H. = 
2—2.5. G.=9.8. Sectile. Brittle. Metallic luster. Color 
silver-white with decided reddish tone. Streak silver-white, 
shining. 

Tests. Fusible at 1. B.B. on charcoal gives metallic globule 
and yellow to white coating of bismuth oxide. The globule is 
somewhat malleable but cannot be hammered into as thin a 
sheet as in the case of lead. Mixed with potassium iodide and 
sulphur and heated on charcoal gives a brilliant yellow to red 
coating. Recognized chiefly by its laminated structure, its 
reddish silver color and its sectility. 

Occurrence. A comparatively rare mineral, occurring usually in 
connection with ores of silver, cobalt, lead and zinc. Found in the 
silver veins of Saxony; in Norway and Sweden; Cornwall, England; 
with the silver and cobalt minerals at Cobalt, Ontario, Canada; only 
sparingly in the United States. 

Use. Ore of bismuth. The greater part of the bismuth of 
commerce is produced from the sulphide, bismuthinite, or from 
other ores that contain a small per cent of the metal. It is 
chiefly employed in the manufacture of low-fusing alloys which 
are used as safety plugs in boilers and in automatic fire sprinklers, 
ete. Its salts are used in medicine. 


III. METALS. 
GOLD GROUP. ISOMETRIC. 
Gold. 


Composition. Gold, commonly alloyed with small amounts 
of silver and at times with traces of copper and iron. Ordinarily, 
native gold contains varying amounts of alloyed silver up to 
16 per cent. California gold contains between 10 and 15 per 
cent of silver. The greater part of native gold is about 90 per 
cent “fine” or contains 10 per cent of other metals. Gold-con- 
taining unusually high percentages of silver (25 to 40 per cent) 
is known as electrum. 

Crystallization. Isometric. Crystals are commonly octahe- 
dral in habit, showing also at times the faces of the dodeca- 
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hedron, cube, etc. (see Figs. 210, 211 and 212). Often in arbores- 
cent crystal groups with crystals elongated in the direction of an 


Fig. 210. Fig. 211. Fig. 212. 
Octahedron. Dodecahedron. Cube and Octahedron. 


octahedral axis. Crystals irregularly distorted and passing into 
filiform, reticulated and dendritic shapes. 

Structure. Usually in irregular plates, scales or masses. 
Seldom definitely crystallized. 

Physical Properties. H.= 2.5-3. G.= 15.6-19.3 (becomes 
greater as the percentages of the other metals present decrease). 
Very malleable and ductile. Color various shades of yellow, 
depending upon purity, becoming paler with increase in the per- 
centage of silver present. 

Tests. Easily fusible at 2.5-3. Insoluble in ordinary acids 
but soluble in a mixture of hydrochloric and nitric acids. To 
be distinguished from certain yellow sulphides (particularly pyrite 
and chalcopyrite) and from yellow flakes of altered micas by its 
malleability, its insolubility and its great weight. 


Occurrence. Although golds a rare element, it is to be found 
widely distributed in nature, occurring in small amounts. Its pres- 
ence as a primary constituent of igneous rocks, more particularly of 
the acidic type, has been abundantly proved. It is to be found most 
commonly in quartz veins. It occurs in detrital sands and gravels 
in what are known as placer deposits. It is present in small amounts 
in sea water. It is important to note that gold occurs almost wholly 

_as the native metal, the only class of compounds which it forms in 
nature being the tellurides. 

The chief source of gold is the gold-quartz veins. It occurs in 
these veins usually as very small specks scattered uniformly through- 
out the quartz gangue. The contents of these veins are in general 
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considered to have been deposited from ascending mineral-bearing 
solutions. That gold is capable of solution and subsequent precipi- 
tation by means of underground waters has been repeatedly demon- 
strated. In the majority of veins the gold is so finely divided and 
uniformly distributed that its presence in the ore cannot be detected 
with the eye. It is interesting to note that with the value of gold 
at $20.67 a troy ounce, ore which contains one per cent of gold by 
weight would be worth $6028 to the ton, while an ore containing 
only 0.01 per cent of gold would still be a rich ore, having a value of 
$60 per ton. Ores are mined at a profit sometimes which contain 
only 0.001 per cent of gold and yield but $6 to the ton. So it might 
be quite impossible ‘o detect the presence of gold in a valuable ore 
by any ordinary tests. A definite estimation of the amount of gold 
present by means of a careful assay is the only way usually to deter- 
mine the value of an ore. But occasionally, under favorable con- 
ditions, the gold may collect in larger amounts, in nests and pockets 
in the veins, occurring usually as irregular plates and masses between 
the crystals of quartz. In the quartz veins the gold is frequently 
associated with sulphides, particularly with pyrite. It is thought 
that the gold does not exist in any chemical combination with the 
pyrite, but has the same mechanical relation to it that it has to the 
quartz. The upper portions of the gold-quartz veins as a rule have 
been enriched in their values. The gold present in this upper zone 
was in part deposited contemporaneously with the formation of the 
vein, but frequently the greater part has been transported, either 
in solution or by mechanical settling, from that upper portion of the 
vein which has been gradually eroded away. And so the gold in 
this part of the vein represents the concentration in a small space 
of the original gold content of a much greater length of vein. By 
the oxidation of the gold-bearing sulphides originally deposited in 
this portion of the vein the gold embedded in them has been set free, 
rendering the gold easy of extraction. Ores that contain the gold 
free from intimate association with sulphides are known as ‘“‘free- 
milling” because their gold content can be recovered by amalgama- 
tion with the mercury of the plates over which the finely crushed ore 
runs from the stamp mill. Where sulphides are present in any 
quantity all of the gold cannot be recovered by amalgamation and a 
chemical process, either the cyanide or chlorination process, must 
be used, either alone, or in addition to the amalgamation. 

In addition to occurring with quartz and pyrite, gold has been 
found associated with chalcopyrite, sphalerite, galena, stibnite, 
cinnabar, arsenopyrite, limonite, calcite, etc. 

Gold, on account of its great weight, is mechanically sorted in 
running water from the lighter material of the sands and gravels in 
which it may occur. In this way a concentration frequently takes 
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place in stream beds and gold placer deposits are formed. In general 
these deposits will be found where the current of the water has been 
suddenly checked and the heaviest particles of its load dropped in 
the bottom of the stream. Sand bars, etc., formed in this way may 
contain rich placer deposits. Irregularities in the bottom of a 
stream frequently act as natural riffles and catch behind them the 
heavier gold traveling along the bottom of the stream. In general, 
also, such deposits will be richer as the stream is ascended and the 
original veins from which the gold has been derived are approached. 
The larger masses of gold which have been rolled together by the 
getion of the stream are called nuggets. These sometimes attain 
considerable size. The very fine gold which is known as float gold 
may be carried by the streams for long distances. 

In California, at the close of the glacial epoch, large amounts of 
gold-bearing gravels were deposited in the stream beds. Subse- 
quent changes in the elevation of the country and extensive lava 
flows have caused a rearrangement of the drainage, and in places 
these old gravel beds are to be found to-day upon the hillsides and 
are. known as the hill gravels.. In places they have been covered 
over with lava flows and so preserved from erosion. At Cape Nome, 
Alaska, the beach sands contained gold, where by the action of the 
waves the gold has been concentrated to form placer deposits. 

The important gold-producing states and territories of the 
United States, in their approximate order of importance, are Colo- 
rado, Alaska, California, Nevada, South Dakota, Utah, Montana, 
Arizona and Idaho. There are several other states that also produce 
the metal, but in comparatively small amounts. The most im- 
portant gold-producing districts of California are those of the series 
of gold-quartz veins known as the Mother Lode which lie along the 
western slope of the Sierras in Nevada, Amador, Calaveras, Eldorado, 
Tuolumne and Mariposa counties. Between one-third and one-half 
of California’s gold production comes from placer deposits, mostly 
worked by dredging operations in Butte and Yuba counties. The 
gold of Alaska has been derived chiefly from placer deposits, but 
recently the vein deposits have been of increasing importance. The 
chief producing districts are the Yukon Basin, the Fairbanks Dis- 
trict and the Seward Peninsula, including Nome. Although Colo- 
rado is one of the first states in the production of gold, about one- 
half of its output comes from the Cripple Creek District in Teller 
County, where the gold occurs only sparingly native, but chiefly in 
the form of the tellurides, sylvanite and calaverite. The other 
chief producing counties are San Miguel and Ouray in the San Juan 
District, and Lake County, containing the Leadville District, and 
Gilpin, Clear Creek and Boulder counties in the Clear Creek District. 
The chief gold districts of Nevada are Goldfield and Tonopah and 
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other smaller camps in Nye and Esmeralda counties. The gold 
from South Dakota comes from the Black Hills, the Homestake Mine 
at Lead being the largest producer. The gold-producing districts 
of Utah are the Tintic and Bingham districts in Juab and Salt Lake 
counties respectively, and the Mercur District in Tooele County. 

Important foreign gold-producing countries are as follows: South 
Africa, Australia, Russia, Mexico and Canada. The region known 
as the Rand, near Johannesburg in the Transvaal, South Africa, is 
the most productive gold district in the world. The gold occurs 
here scattered throughout inclined beds or “reefs” of a quartzose 
conglomerate, which has been mined in enormous amounts and to 
great depths. Australia has the following chief gold districts: 
Kalgoorlie in western Australia (largely tellurides), Ballarat and 
Bendigo in Victoria, Mount Morgan in Queensland and various fields 
in New South Wales. In Russia gold is mined in western Siberia 
and the Urals, in the Irkutsk Province, in Transbaikalia and Amur. 
The production of Mexico comes chiefly from the districts of Guana- 
juato, El Oro and Dolores, 


Silver. 


Composition. Silver, frequently containing small amounts of 
alloyed copper and gold, more rarely traces of platinum, anti- 
mony, bismuth, mercury. 

Crystallization. Isometric. Crystals commonly distorted and 
in branching, arborescent or reticulated groups. 

Structure. Commonly in irregular masses, plates, scales, etc. ; 
at times as coarse or fine wire. 

Physical Properties. H.=2.5-3. G.=10.1-11.1, pure 10.5. 
Malleable and ductile. Color silver-white, often tarnished to 
brown or gray-black. 

Tests. Easily fusible at 2 to bright globule. No oxide coat- 
ing on charcoal. Easily soluble in nitric acid, giving on addition 
of hydrochloric acid a curdy white precipitate of silver chloride, 
which turns dark on exposure to light. Deposited from its solu- 
tion by action of a clean copper plate. 


Occurrence. Occurs usually as small irregular flakes and masses 
disseminated through various vein minerals, often invisible. Found 
associated with native copper, galena, argentite, chalcocite, the ruby 
silvers, tetrahedrite, calcite, barite, ete. While native silver is not 


130 MANUAL OF MINERALOGY 


an uncommon mineral, the larger part of the world’s output of the 
metal is obtained from its various compounds with sulphur, anti- 
mony, arsenic, etc. Most of the native silver occurring in nature is 
probably secondary in its origin, having been derived by reduction 
from some of its compounds. : 

Native silver has been found in the United States with native 
copper in the copper mines of Lake Superior; in crystal groups at 
the Elkhorn Mine, Montana; in large masses in the silver mines at 
Aspen, Colorado. Is found, at present, in large quantities as platy 
masses, associated with various cobalt and nickel minerals, at Cobalt, 
Ontario, Canada. An important silver ore in the mines of Chihua- 
hua, Guanajuato, Durango, Sinaloa and Sonora, Mexico. Occurs 
commonly in the mines of Peru. Was found in large masses, one 
of which weighed 500 pounds, in the mines at Kongsberg, Norway. 
One of the ores of the silver mines of Saxony and Bohemia. 


Use. Silver is used for ornamental purposes, for coinage, 
plating, etc. It is usually alloyed with copper. The standard 
silver coin in the United States contains one part of copper to 
nine parts of silver. 


Copper. 


Composition. Copper, often containing small amounts of 
silver, bismuth, mercury, etc. 

Crystallization. Isometric. Tetrahexahedron faces common 
on crystals, (see Fig. 213). Also cube and dodecahedron. Crys- 

tals usually distorted and in branching 
fee! and arborescent groups, (see Pl. IV). 
ee eens Structure. Usually in irregular masses, 
plates, scales, ete. In twisted and wire- 
like forms. 
Physical Properties. H.=2.5-3. 
G. = 8.8-8.9. Highly ductile and mal- 
leable. Color copper-red, usually dark 
Fig. Ae Cube and Tetra- and with a dull luster on account of 
tarnish. 

Tests. Fuses at 3 to a globule, which becomes covered with 
an oxide coating on cooling. Dissolves readily in nitric acid, and 
the solution is colored a deep blue on addition of ammonium 
hydroxide in excess. 


PLATE IY. 


Arborescent Copper, Lake Superior. 
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Occurrence. A mineral found widely distributed in copper veins, 
but usually in small amount. Associated with various copper min- 
erals, most commonly with the oxidized ores, cuprite, malachite and 
azurite. Ordinarily is strictly a secondary mineral and is to be 
found only in the upper parts of copper veins. 

The most notable deposit of native copper known in the world 
is on Keweenaw Peninsula in northern Michigan, on the southern 
shore of Lake Superior. The region is occupied by a series of igneous 
flows of trap rock interbedded with sandstone conglomerates. The 
whole series dips toward the north. The copper is found in veins 
intersecting this rock series; in the amygdaloidal belts at the top 
of the various trap flows; and as a cementing material in the sand- 
stone conglomerate. This last type has furnished the most impor- 
tant ore deposits, some of which have been worked for considerably 
over a mile in vertical depth. Not only does the copper act as a ce- 
ment to bind the conglomerate together, but it has often penetrated 
the quartz boulders of the rock to a depth of a foot or more. It is 
associated with such minerals as epidote, datolite, calcite and various 
zeolites. The mines were worked superficially by the Indians, and 
have been actively developed since the middle of the eighteenth 
eentury. Most of the copper of the district occurs in very small 
irregular specks, but notable large masses have been found, one 
weighing 420 tons being discovered in 1857. 

Sporadic occurrences of copper similar to that of the Lake Superior 
District have been found in the sandstone areas of the eastern 
United States, notably in New Jersey, and in the glacial drift over- 
lying a similar area in Connecticut. Native copper occurs in small 
amounts, associated with the oxidized ores of Arizona, New Mexico 
and northern Mexico. 


Use. The most important uses to which the metal is put are 
as an electrical conductor; in the manufacture of brass (an alloy 
of copper and zinc), of bronze (an alloy of copper and tin with 
frequently zinc); for sheet copper; and as copper sulphate, 
which is used in calico printing, in galvanic cells, etc. 

Mercury, Amalgam (Ag,Hg) and Lead are rare metals. 


PLATINUM-IRON GROUP. 


Platinum. 


Composition. Platinum, usually alloyed with several per cent 
of iron and with smaller amounts of iridium, osmium, etc. The 
amount of metallic platinum present seldom exceeds 80 per cent. 
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Crystallization. Isometric. Crystals very rare. Commonly 
distorted. 

Structure. Usually in small grains or scales. Sometimes in 
irregular masses and nuggets of larger size. 

Physical Properties. H.=4~4.5 (unusually high for a metal). 
G. = 14-19 native; 21-22 when chemically pure. Malleable 
and ductile. Color steel-gray, with bright luster. 

Tests. B. B. infusible. Unattacked by ordinary reagents; 
soluble in a mixture of hydrochloric and nitric acids. Deter- 
mined by its high specific gravity, infusibility and insolubility. 


Occurrence. Platinum is a rare metal which occurs almost ex- 
clusively native (only one rare compound, sperrylite, PtAs», being 
known). It is found in quantity in only a few localities, and then 
only in the stream sands, as placer deposits, where it has been pre- 


served on account of its great weight and hardness. Occurs in the ~ 


alluvial deposits associated with the rarer metals of the Platinum 
Group, gold, iron-nickel alloys, chromite, ete. Its original source 
is probably usually in peridotite rocks or the serpentine rocks re- 
sulting from their metamorphism. It occurs so sparingly dissemi- 
nated through such rocks, however, that it is only after their disin- 
tegration and the subsequent concentration of the platinum in the 
resulting sands that workable deposits of the metal are formed. 
Placer deposits of platinum are therefore to be looked for in the 
vicinity of masses of such peridotite rocks. 

Practically the entire world’s supply of platinum at present comes 
from the Ural Mountains in Russia. The central and northern end 
of this range has large masses of altered-peridotite rocks, and in the 
sands of the streams descending from it, chiefly on the eastern slope 
in Siberia, platinum is found in considerable quantity. The chief 
districts are Nizhni Tagilsk, Bissersk and Goroblagodat, and far- 
ther to the north, Bogoslowsk. 

Platinum was first discovered in the United States of Colombia, 
South America, where it received its name platina from plata (silver). 
It is to be found there in two districts near the Pacific coast. The 
chief district covers the greater part of the intendencia of Choco, 
while the second, that of Barbacoas, is in the department of Cauca. 
The platinum occurs here with gold in placer deposits, and, while 
the fields are not largely productive at present, they may become so. 

The only platinum found in the United States comes from the 
gold placer deposits of Oregon and California, but the yearly yield 
amounts to only a few thousand dollars in value. 


_—_—s-- —- 
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Use. The uses of the metal depend chiefly upon its insolu- 
bility, infusibility and superior hardness. It is used for various 
scientific instruments such as crucibles, dishes, etc., in the chemi- 
cal laboratory; to line the distilling apparatus in the manufac- 
ture of sulphuric acid; in the electrical industry for contacts, 
etc.; in jewelry, chiefly as the setting for diamonds; as anodes 
in the electrolytic chemical industry; for electric heating appa- 
ratus; for the measurement of high temperatures by the use of 
thermoelectricity; for sparking plugs in explosive motors; in 
incandescent electric lights; in the manufacture of false teeth 
and in fillings for teeth; and in various chemical reactions which 
are facilitated by the use of finely divided platinum. 


Tron. 


Native iron, with always some nickel and usually small amounts 
of cobalt and frequently traces of copper, manganese, sulphur, car- 
bon, phosphorus, ete. Isometric. Practically always massive. 
H.= 4-5. G.=7.3-7.8. Malleable. Metallicluster. Color steel- 
gray to black. Strongly magnetic. Occurs very sparingly as terres- 
trial iron, and in the form of meteorites. Found, included in basalt, 
on the west coast of Greenland, varying in size from small dissemi- 
nated grains to large masses. Has been noted in a few other locali- 
ties with a similar association. Nickel-iron alloys have been found 
in the gold sands of New Zealand (awaruite), from Josephine County, 
Oregon (josephinite), and from the Fraser River, British Columbia 
(souesite). Most meteorites contain native iron. The metal some- 
times forms practically the entire body of the meteorite, while at 
other times it forms a cellular mass, inclosing grains of chrysolite, ete. 
In the stony meteorites, iron is found disseminated through them 
in the shape of small grains. Meteorites are to be recognized usually 
by their fused and pitted exterior. At first they are coated with a 
film of iron oxide, which disappears, however, on continued exposure 
to the weather. 
| Iridium, Tridosmine, an alloy of iridium and osmium, and 
Palladium are rare metals in the Platinum-Iron Group. 


SULPHIDES. 


The sulphides form an important group of minerals which in- 
cludes the majority of the ore minerals. With them are classed 


the similar but rarer selenides, tellurides, arsenides and anti- 
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monides. The sulphides may be divided into two groups de- 
pending upon the character of the metal present: (1) Sulphides 
of the Semimetals, (2) Sulphides of the Metals. 


SULPHIDES OF THE SEMIMETALS. 
Realgar. 


Composition. Arsenic monosulphide, AsS = Sulphur 19.9, 
arsenic 70.1. 

Crystallization. Monoclinic. Short prismatic crystals, ver- 

tically striated. (See Fig. 214.) 
Structure. In crystals, coarse to fine granu- 
il in) lar, often earthy and as an incrustation. 

Physical Properties. Cleavage parallel to 
clinopinacoid. H.=1.5-2. G.=1.55. Resin- 
ous luster. Color and streak red to orange. 
Transparent to opaque. 

Tests. Fusible at 1. Easily volatile. Heated 
on charcoal yields a volatile white sublimate of 
arsenious oxide with characteristic garlic odor. 
Roasted in O. T. gives volatile crystalline subli- 
mate of arsenious oxide and odor of sulphur dioxide. Charac- 
terized chiefly by deep red color and resinous luster. 


Fig. 214. 


Occurrence. A rare mineral, occurring usually with orpiment, 
As,S3. Found associated with silver and lead ores in Hungary, 
Bohemia, Saxony, etc. Found in good crystals at Nagydg, Tran- 
sylvania; Binnenthal, Switzerland; Allchar, Macedonia. Occurs 
in Iron County, Utah. Found deposited from the geyser waters in 
Yellowstone Park. 

Name. The name is derived from the Arabic, Rahj al ghar, 
powder of the mine. 

Use. Was used in fireworks to give a brillant white light when 
mixed with saltpeter and ignited. Artificial arsenic sulphide is 
at present used for this purpose. 


Orpiment. 


Composition. Arsenic trisulphide, As.S; = Sulphur 39, arse- 
nic 61. 
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Crystallization. Monoclinic. Crystals small and rarely dis- 
tinct. 

Structure. Usually foliated. 

Physical Properties. Very perfect cleavage parallel to clino- 
pinacoid. Folia flexible but not elastic. Sectile. ° H. = 1.5-2. 
G. = 3.4-3.5. Resinous luster, pearly on cleavage face. Color 
lemon-yellow. Translucent. 

Tests. Same as for realgar (which see). Characterized by 
its yellow color, perfect cleavage and foliated structure. 


Occurrence. A rare mineral, associated usually with realgar. 
Found in various places in Hungary; in Kurdistan; in Peru, etc. 
Occurs at Mercur, Utah. Deposited from geyser waters in the 
Yellowstone Park. 


Name. Derivedfrom the Latin, auripigmentum, “golden paint.” 

Use. For a pigment, in dyeing and in a preparation for the 
removal of hair from skins. Artificial arsenic sulphide is largely 
used in place of the mineral. 


Stibnite. 


Composition. Antimony trisulphide, Sb.8; = Sulphur 28.6, 
antimony 71.4. Sometimes carries gold or silver. 

Crystallization. Orthorhombic. Slender prismatic habit, © 
prism zone vertically striated. Crystals often steeply termi- 
nated. (See Fig. 216.) Often in radiating groups. Crystals 
sometimes curved or bent (Fig. 215). 

Structure. In radiating crystal groups or in bladed forms with 
prominent cleavage. Massive, coarse to fine columnar. 

Physical Properties. Perfect cleavage parallel to brachy- 
pinacoid. H. = 2. G. = 4.55. Metallic luster, splendent on 
cleavage surfaces. Color and streak lead-gray. 

Tests. Very easily fusible at 1. B. B. on charcoal gives dense 
white coating of antimony trioxide and odor of sulphur dioxide. 
When roasted in O. T. gives nonvolatile white sublimate on 
bottom of tube and a white volatile sublimate as ring around 
tube. Heated in C. T. gives a faint ring of sulphur and below 
a red (when cold) deposit of oxysulphide of antimony. Char- 
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acterized by its bladed structure, perfect cleavage in one direc- 
tion, its lead-gray color and soft black streak. 


Fig. 215. Fig. 216. 


Occurrence. Deposited by alkaline waters in connection usually 
with quartz. Found in quartz veins or beds in granite and gneiss. 
Associated with other antimony minerals, as the products of its 
decomposition, and with galena, cinnabar, sphalerite, barite and 
sometimes gold. Found in various mining districts in Saxony, and 
Bohemia, Mexico, New South Wales, China, ete. Occurs in mag- 
nificent crystals in Province of Lyo, island of Shikoku, Japan. 
Found in quantity only sparingly in the United States, the chief 
deposits being in California, Nevada and Idaho. 

Use. Used in various alloys, as type metal, pewter and anti- 
friction metal. The sulphide is employed in the manufacture 
of fireworks, matches, percussion caps, etc. Used in vuleanizing 
rubber. Used in medicine as tartar emetic and other compounds. 
Antimony trioxide is used as a pigment and for making glass. 


Bismuthinite. 


Composition. Bismuth trisulphide, Bi.S; = Sulphur 18.8, bis- 
muth 81.2. 


Crystallization, Orthorhombic. In acicular crystals., 
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Structure. Usually massive, foliated or bladed. 

Physical Properties. Perfect cleavage parallel to brachy- 
pinacoid. H.=2. G. =6.4-6.5. Metallic luster. Color and 
streak lead-gray. 

Tests. Easily fusible (1). Roasted in O. T. or B. B. on char- 
coal gives odor of sulphur dioxide. Mixed with potassium iodide 
and sulphur and heated on charcoal gives characteristic yellow 
to red coating. Resembles stibnite; recognized by the test for 
bismuth. 

Occurrence. A rare mineral, found in Cumberland, England; in 
Saxony, Sweden, Bolivia, Beaver County in Utah, etc. 


Use. An ore of bismuth. See under native bismuth. 


Molybdenite. 


Composition. Molybdenum disulphide, MoS, = Sulphur 40, 
molybdenum 60. 

Crystallization. Hexagonal. Crystals in hexagonal-shaped 
plates or short, slightly tapering prisms. 

Structure. Commonly foliated massive or in scales. 

Physical Properties. Perfect basal cleavage. Lamine flex- 
ible but not elastic. Sectilee H=1. G.= 4.75. Greasy feel. 
Metallic luster. Color lead-gray. Grayish black streak. 

Tests. Infusible. Heated B. B. gives yellowish green flame. 
Roasted in O. T. gives odor of sulphur dioxide and deposit of 
thin plates of molybdenum oxide, crossing the tube above the 
mineral. Heated on charcoal in O. F. gives a white coating of 
molybdenum oxide; when this coating is touched with R. F. 
turns to deep blue color. Resembles graphite but is distin- 
guished from it by having a blue tone to color, while graphite 
has a brown tinge, and by its reactions for sulphur and molyb- 
denum. 

Occurrence. Occurs in granite, gneiss and granular limestone, 
either as nests or disseminated through the rock. Found in the 
United States in many localities, but usually not in commercial quan- 
tity. Found at Blue Hill and Cooper, Maine; Westmoreland, New 
Hampshire; Pitkin, Colorado; in Okanogan County, Washington. 


Use. An ore of molybdenum. See under wulfenite. 
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SULPHIDES, ETC., OF THE METALS. 


The sulphides of the metals are divided into the following. 
groups: A. Basic Division; B. Monosulphide Division; C. In- 
termediate Division; D. Disulphide Division. 


A. BASIC DIVISION. 


This division includes several rare compounds of silver or cop- 
per with antimony or arsenic such as dyscrasite, AgsSb to Ag.Sb; 
domeykite, Cu;As; algodonite, CusAs; whitneyite, Cu,As. 


B. MONOSULPHIDE DIVISION. 
1. GALENA GROUP. ISOMETRIC. 
Argentite. Silver Glance. 

Composition. Silver sulphide, AgsS = Sulphur 12.9, silver 
87.1. 

Crystallization. Isometric. Cube, dodecahedron and octa- 
hedron the most common forms. Crystals often distorted and 
arranged in branching or reticulated groups. 

Structure. Commonly massive, platy, earthy or as a coating. 
More rarely in crystals. ; 

Physical Properties. H. = 2-2.5. G. =7.3. Easily sectile, 
can be cut with a knife like lead. Metallic luster. Color and 
streak blackish lead-gray. Streak shining. Bright on fresh 
surface but on exposure becomes dull biack, due to the forma- 
tion of an earthy sulphide. 

Tests. Easily fusible at 1.5 with intumescence. When fused 
alone on charcoal in O. F. gives off odor of sulphur dioxide and 
yields a globule of pure silver. Distinguished by these tests 
and by its color, sectility and high specifie gravity. 


Occurrence. A fairly common ore of silver. Usually found in 
silver veins as small masses, often earthy or as a coating. Associated 
with native silver, the ruby silvers, stephanite and other silver min- 
erals; alsu galena. In the United States it was an important ore 
in the mines of the Comstock Lode, Nevada; at present found in 
Nevada at Tonopah and elsewhere. Found also in some of the silver 
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districts of Arizona. An important ore in the silver mines of Guan- 
ajuato and elsewhere in Mexico; in Peru, Chile and Bolivia. Im- 
portant European localities for its occurrence are Freiberg in Saxony, 
Annaberg in Austria, Joachimsthal in Bohemia, Schemnitz and 
Kremnitz in Hungary, Kongsberg in Norway. 


Use. An important ore of silver. 


Galena. Galenite. 


Composition. Lead sulphide, PbS = Sulphur 13.4, lead 86.6. 
Almost always carries traces of silver sulphide, frequently enough 
to make it a valuable silver ore. At times also contains small 
amounts of selenium, zinc, cadmium, antimony, bismuth and 
copper. 

Crystallization. Isometric. Most common form is the cube, 
octahedron sometimes as truncations to cube, more rarely as the 


Fig. 217. Fig. 218. Fig. 219. 
Cube. Cube and Octahedron. Octahedron and Cube. 


simple form (Figs. 217,218 and 219; see also A, pl.V.). Dode- 
cahedron and trisoctahedron rare. 

Structure. Commonly crystallized or massive cleavable; 
coarse or fine granular. 

Physical Properties. Perfect cubic cleavage. H. = 2.5-2.75. 
G. = 7.4-7.6. Bright metallic luster. Color and streak lead- 
gray. 

Tests. Lasily fusible at 2. Reduced on charcoal to lead 
globule with formation of yellow to white coating of lead oxide. 
When heated rapidly in the O. F. the coating is heavier and con- 
sists chiefly of a white volatile combination of oxides of lead and 
sulphur, which resembles the antimony oxide coating. Odor of 
sulphur dioxide when roasted on charcoal or in O. T. When 
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treated with strong nitric acid is oxidized to white lead sulphate. 
Determined chiefly by its high specific gravity, softness,) black 
streak and cubic cleavage. 

Alteration. By oxidation it is converted into the sulphate, 
anglesite, the carbonate, cerussite, or other compounds. 


Occurrence. A very common metallic sulphide, associated with 
sphalerite, pyrite, marcasite, chalcopyrite, cerussite, anglesite, dolo- 
mite, calcite, quartz, barite, fluorite, ete. Frequently found with 
silver minerals, often containing that metal itself and so becoming 
an important silver ore. A large part of the supply of lead comes 
as a secondary production from ores mined chiefly for their silver. 
Occurs most commonly in connection with limestones, either as 
veins or irregular deposits, or as replacement deposits. 

The following are the important lead producing localities in the 
United States: Southeastern Missouri, in which the ore occurs in 
the form of beds with the mineral disseminated through the lime- 
stone; southwestern Missouri, where it is associated with zinc ores, 
and is found in irregular veins and pockets in limestone and chert; 
Idaho, where the lead is derived chiefly from lead-silver deposits, 
the greater part of which come from near Wallace in Shoshone 
County; Utah, in connection with the silver deposits of the Tintic 
and Park City districts; Colorado, chiefly from the lead-silver ores 
of the Leadville District. 

The most famous foreign localities are, Freiberg, Saxony; the 
Harz Mountains; Pribram, Bohemia; Cornwall, Derbyshire and 
Cumberland, England. 


Name. The name galena is derived from the Latin galena, a 
name originally given to lead ore. 

Use. Practically the only source of lead and an important 
ore of silver. Metallic lead is used chiefly as follows: for con- 
version into white lead (a basic lead carbonate), which is the 
principal ingredient of the best white paints, or into the oxides 
used in making glass and in giving a glaze to earthernware; as 
pipe and sheets; for shot; it is one of the ingredients of solder 
(an alloy of lead and tin), of type metal (an alloy of lead and 
antimony) and of low-fusion alloys consisting of lead, bismuth 
and tin. 


The foliowing rare tellurides belong in this group; hessite, 
Ag:Te; pelzite (Ag,Au).Te; altaite, PbTe. 


4 


PLATE V. 


A. Galena with Dolomite, Joplin, Missouri. 


B. Fluorite, Cumberland, England. 
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2. CHALCOCITE GROUP. ORTHORHOMBIC. 
Chalcocite. Copper Glance. 


Composition. Cuprous sulphide, Cu,S = Sulphur 20.2, cop- 
per 79.8. 

Crystallization. Orthorhombic. Usually in small tabular 
crystals with hexagonal outline. Striated parallel to the brachy- 


Fig. 220. Fig. 221. 


axis (Fig. 220). Often twinned in pseudohexagonal forms (Fig. 
221). 

Structure. Massive. Crystals very rare. 

Physical Properties. Conchoidal fracture. H.=2.5-3. G. 
= 5.5-5.8. Metallic luster. Color shining lead-gray, tarnish- 
ing on exposure to dull black. Streak grayish black. 

Tests. Easily fusible at 2-2.5. In O. T. or B. B. on charcoal 
gives odor of sulphur dioxide. Roasted mineral, moistened with 
hydrochloric acid, gives azure-blue flame. Soluble in nitric acid; 
and the solution with an excess of ammonia turns dark blue. 
Recognized by its massive structure, its high specific gravity, 
its color, softness and black streak. 


Occurrence. Found in crystals in Cornwall, England, and Bris- 
tol, Connecticut. Occurs as a mineral of secondary origin in the en- 
riched zone of copper veins associated with bornite, chalcopyrite, 
enargite, malachite, pyrite, etc. Found as an ore at Monte Catini, 
Tuscany; Mexico, Peru, Bolivia, Chile, ete. Occurs in immense 
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deposits at Butte, Montana. Found in Alaska at Kennecott, 
Copper River District. 


Use. An important copper ore. 


Stromeyerite. 


A sulphide of silver and copper (Ag,Cu),S or Ag,S.Cu,S. Ortho- 
rhombic. Commonly massive. H.= 2.5-3. G.=6.15-6.3. Me- 
tallic luster. Color and streak grayish black. Fusible at 1.5. In 
O. T. gives odor of sulphur dioxide. Roasted mineral with hydro- 
chloric acid gives azure-blue fame. Nitric acid solution with hydro- 
chloric acid gives precipitate of silver chloride. A rare silver mineral 
found with other silver ores. 


3. SPHALERITE GROUP. ISOMETRIC, TETRAHEDRAL. 
Sphalerite. Zinc Blende, Black Jack. 


Composition. Zinc sulphide, ZnS = Sulphur 33, zinc 67. Al- 
most always contains at least a small percentage of iron replac- 
ing the zinc, but the amount of iron may rise as high as 15 to 
18 per cent. Also frequently contains small amounts of manga- 
nese, cadmium, mercury, ete. 

Crystallization. Isometric; tetrahedral. Tetrahedron (Fig. 
222), dodecahedron and cube common forms, but the crystals 


Fig. 222, Fig. 223. 


frequently highly complex and usually distorted or in rounded 
forms. Often twinned. 

Structure. Usually massive cleavable, coarse to fine granular. 
Compact, botryoidal. Also in rounded crystal masses. 
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Physical Properties. Perfect dodecahedral cleavage. H.= 
3.64. G.= 44.1. Nonmetallic and resinous to submetallic 
luster; also adamantine. Color white when pure, and green 
when nearly so. Commonly yellow, brown to black, darkening 
with increase in the amount of iron present. Transparent to 
translucent. Streak white to yellow and brown. 

Tests. Infusible with pure zinc sulphide to difficultly fusible 
with increase in amount of iron. Gives odor of sulphur dioxide 
when heated on charcoal or in 0. T. Decomposed in powder by 
warm hydrochloric acid with evolution of hydrogen sulphide gas, 
which may be detected by its disagreeable odor. When heated 
on charcoal gives a coating of zinc oxide (yellow when hot, white 
when cold) which is nonvolatile in oxidizing flame. Recognized 
usually by its striking resinous luster and perfect cleavage. The 
dark varieties (black jack) can be told by noting that a knife 
scratch leaves a reddish brown streak. 


Occurrence. Sphalerite, the most important ore of zinc, is an 
extremely common mineral, especially as a constituent of metallic 
veins. Found widely distributed, but chiefly in veins and irregular 
bodies in limestone rocks. Associated with galena, pyrite, marcasite, 
chalcopyrite, smithsonite, calcite, dolomite, siderite, etc. May carry 
silver or gold. Large deposits are found in the United States in 
Missouri, Kansas, Arkansas, Wisconsin, Iowa, Illinois, Colorado. 
The chief locality for its production is the Joplin District in south- 
western Missouri. Found in large quantities in connection with the 
lead-silver deposits of Leadville, Colorado. Noteworthy European 
localities are at Alston Moor and other places in the lead-mining dis- 
tricts of northern England; Binnenthal, Switzerland, in fine crystals; 
at Schemnitz and other localities in the gold and silver-mining dis- 
tricts of Hungary. 


Name. The name dlende is from the German, blind or decep- 
tive, because while often resembling galena it yielded no lead. 
Sphalerite, for the same reason, is derived noms a Greek word 
meaning treacherous. 

Use. The most important ore of zinc. The chief uses for 
metallic zine, or spelter, are in galvanizing iron, making brass, 
an alloy of copper and zinc, in electric batteries, and as sheet 
zinc. Zinc oxide, or zinc white, is used extensively for making 
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paint. Zinc chloride is used as a preservative for wood. Zine 
sulphate is used in dyeing and in medicine. Sphalerite also 
serves as the most important source of cadmium. 


Alabandite. 


Manganese sulphide, MnS. Isometric; tetrahedral. Usually gran- 
ular massive. Cubic cleavage. H. = 3.5-4. G. = 3.95. Subme- 
tallic luster. Color iron-black, tarnished to brown on exposure. 
Streak olive-green. Fusible at 3. Gives odor of sulphur dioxide 
when roasted in O.T. Soluble in hydrochloric acid with evolution 
of hydrogen sulphide gas. With sodium carbonate in O. F. gives 
opaque greenish blue bead (manganese). A rare mineral, occurring 
usually with gold or silver ores. 


Pentlandite. 


A sulphide of iron and nickel (Ni,Fe)S. Isometric. Massive 
granular. Octahedral cleavage. H. = 3.5-4. G.=4.55-5. Metal- 
licluster. Yellowish bronze color. Black streak. Fusible at 1.5-2. 
Gives odor of sulphur dioxide in O. T. Magnetic on heating in 
R. F. Roasted mineral in O. F. colors borax bead reddish brown 
(nickel). Closely resembles pyrrhotite in appearance but to be 
distinguished by the octahedral cleavage. A rare mineral, found 
with chalcopyrite near Lillehammer, Norway, and with pyrrhotite 
and chalcopyrite in the nickel deposits at Sudbury, Canada. 


Other minerals which are rare in occurrence that belong in 


this group are, metacinnabarite, HgS; tiemannite, HgSe; onofrite, 
Hg(S,Se); coloradoite, HgTe. 


4. CINNABAR-MILLERITE GROUP. HEXAGONAL. 
Cinnabar. 


Composition. Mercuric sulphide, HgS = Sulphur 13.8, mer- 
cury 86.2. Usually impure from admixture of clay, iron oxide, 
etc. 

Crystallization. Hexagonal-rhombohedral; trapezohedral. 
Crystals usually rhombodedral, often in penetration twins. 
Trapezohedral faces rare. 

Structure. Usually fine granular massive; also earthy and 
as incrustations. Crystals rare. 
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Physical Properties. H.= 2-25. G.=8.10. Adamantine 
luster when pure, to dull and earthy when impure. Color ver- 
milion-red when pure, to brownish red when impure. Scarlet 
streak. Transparent to opaque. 

Tests. Wholly volatile when free from gangue. Gives black 
sublimate of mercury sulphide when heated alone in C. T. 
When carefully heated in C. T. with dry sodium carbonate gives 
globules of metallic mercury. Carefully roasted in O. T. gives 
odor of sulphur dioxide and sublimate of metallic mercury. 
Recognized usually by color, streak and high specific gravity. 


Occurrence. The most important ore of mercury, but found in 
quantity at comparatively few localities. Occurs filling fissures, 
cavities, ete., usually in sedimentary rocks; frequently as impregna- 
tions in sandstone or limestone. Associated with pyrite, marcasite, 
sulphur, calcite, barite, gypsum, opal, quartz, etc. Always found 
in the neighborhood of igneous rock masses from which it is thought 
that the mercury was derived. Deposited probably through the 
agency of ascending hot waters. Deposits of mercuric sulphide are 
being formed to-day by the hot springs at Steamboat Springs, Ne- 
vada, and at Ohaiawai, New Zealand. The important localities for 
the occurrence of cinnabar are at Almaden, Spain; Idria in Carniola; 
Huancavelica in southern Peru; Kwei Chaw, China; New Idria in 
San Benito County, Napa County, and New Almaden in Santa Clara 
County, California; Terlingua, Brewster County, Texas. Hepatic 
cinnabar is an inflammable variety with liver-brown color and some- 
times a brownish streak, usually granular or compact. 


Name. The name cinnabar is supposed to have come from 
India, where it is applied to a red resin. 
Use. The only important source of mercury. 


Covellite. 


Cupric sulphide, CuS. Hexagonal. Rarely in tabular hexagonal 
erystals with prominent basal plane. Usually massive. Perfect 
basal cleavage. H. = 1.5-2. G. = 4.59. Metallic luster. Color 
indigo-blue. Fusible at 2.5. Gives odor of sulphur dioxide in 
O. T. and much sulphur in C. T. The roasted mineral, moistened 
with hydrochloric acid and ignited, gives a blue flame (copper). 
When moistened with water shows a strong purple color. A rare 
mineral, found only in the enriched sulphide zone of copper deposits, 
associated with chaleocite, bornite, ete. 
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Greenockite. 


Composition. Cadmium sulphide, CdS = Sulphur 22.3, cad- 
mium 77.7. 

Crystallization. Hexagonal; hemimorphic. Crystals hemi- 
morphic, showing prism faces and terminated usually below with 
base and above with pyramids. 

Structure. Usually pulverulent, as thin powdery incrusta- 
tions. Crystals small and rare. 

Physical Properties. H.=3-3.5. G.=4.9-5. Luster ada- 
mantine to resinous, earthy. Color yellow. 

Tests. Infusible. Yields odor of sulphur dioxide when 
heated B. B. or in O. T. Decomposed by hydrochloric acid 
with the evolution of hydrogen sulphide gas, which may be de-. 
tected by its disagreeable odor. Gives a reddish brown coating 
of cadmium oxide when heated with sodium carbonate on char- 
coal. Characterized by its yellow color and pulverulent form. 


Occurrence. Most common mineral containing cadmium but 
found only in a few localities and in small amount. Associated 
usually with zine ores, often as a coating on sphalerite and smith- 
sonite. Found in crystals at Bishopton, Renfrewshire, Scotland; 
with the zine ores of southwestern Missouri and in Arkansas, also 
in various loealities in Bohemia and Greece. 


Use. A source of cadmium. Cadmium-bearing zine ores fur- 
nish the greater part of the metal produced. Cadmium is used 


in alloys for dental and other purposes. The sulphide serves as 
a yellow pigment. 


Millerite. Capillary Pyrites. 

Composition. Nickel sulphide, NiS= Sulphur 35.3, nickel 
64.7, 

Crystallization. Hexagonal-rhombohedral. 

Structure. Usually in hairlike tufts and radiating groups of 
slender to capillary crystals. Sometimes in velvety incrusta- 
tions. 

Physica! Properties. Cleavage rhombohedral. H. = 3-3.5. 
G. = 5.65. Metallic luster. Pale brass-yellow; with a green- 
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ish tinge when in fine hairlike masses. Streak black, somewhat 
greenish. 

Tests. Fusible at 1.5-2 to magnetic globules. Gives odor 
of sulphur dioxide when heated on charcoal or in O. T. The 
roasted mineral colors the borax bead reddish brown in O. F. 

Occurrence. Occursin various localities in Saxony and Bohemia; 
in Cornwall; with hematite and siderite at Antwerp, N. Y.; with 


pyrrhotite at the Gap Mine, Lancaster County, Pennsylvania; in 
calcite at St. Louis, Missouri, Keokuk, Iowa, etc. 


Use. A subordinate ore of nickel. 


Niccolite. Copper Nickel. 


Composition. Nickel arsenide, NiAs = Arsenic 56.1, nickel 
43.9. Usually with a little iron, cobalt and sulphur. Arsenic 
frequently replaced in part by antimony. 

Crystallization. Hexagonal; hemimorphic (?). 

Structure. Usually massive. Crystals rare. 

Physical Properties. H. = 5-5.5. G. = 7.5. Metallic lus- 
ter. Color pale copper-red, (hence called copper-nickel) with 
gray to blackish tarnish. Brownish black streak. 

Tests. Fusible (2). When heated B. B. on charcoal a white 
volatile deposit of arsenious oxide forms and a garlic-like odor 
is given off. Gives to borax bead a reddish brown color (nickel). 
Characterized chiefly by its color. 

Occurrence. Associated usually with cobalt, silver and copper 
minerals. Not verycommon. Found in the silver mines of Saxony, 
in Sweden, at Cobalt, Canada, etc. 


Use. A minor ore of nickel. 


Pyrrhotite. Magnetic Pyrites. 
Composition. A sulphide of iron, varying in composition from 
Fe,S; up to FeS; FenS is the usually accepted formula. 
Often carries a small amount of nickel. 
Crystallization. Hexagonal. Crystals usually tabular, or 
sometimes pyramidal. 
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Structure. Practically always massive with granular or lamel- 
lar structure. 

Physical Properties. H.=4. G.= 4.65. Metallic luster. 
Brownish bronze color. Black streak. Usually slightly mag- 
netic, but sometimes scarcely at all so. 

Tests. Easily fusible. Strongly magnetic after heating. 
B. B. or in O. T. gives odor of sulphur dioxide. Little or no 
sulphur in C. T. Decomposed by hydrochloric acid, giving off 
hydrogen sulphide gas. Recognized usually by its massive 
structure and bronze color. 


Occurrence. A common minor constituent of igneous rocks, 
Occurs in large masses in intimate association with basic igneous 
rocks and is thought by many to have been formed through mag- 
matic differentiation. This view is doubted by many and is still 
open to question. Associated with the ferromagnesian minerals of 
the rocks in which it occurs, and also with chalcopyrite, and nickel 
minerals, as pentlandite, millerite, etc. Found in large quantities 
in Norway and Sweden, at Sudbury, Ontario, Canada; at Stafford 
and Ely, Vermont; at Ducktown, Tennessee. Was found at the 
Gap Mine, Lancaster County, Pennsylvania. 


Name. Derived from a Greek word meaning reddish. 


Use. Serves as an important ore of nickel, particularly at 
Sudbury, Ontario. 


In this group belongs also the rare mineral, wurtzite, ZnS, which 
differs from sphalerite, since it is Hexagonal. in crystallization. 


C. INTERMEDIATE DIVISION. 
Bornite. Purple Copper Ore, ete. 


Composition. Cu,FeS, = Sulphur 25.5, copper 63.3, iron 
11.2. Analyses of different specimens show quite a wide varia- 
tion in the percentages of the elements present, copper ranging 
from 55 to 71 per cent. Analyses of the purest material, how- 
ever, agree with the above formula. 

Crystallization. Isometric. Crystalsrare. Usually in rough 
cubes, sometimes in penetration twins. Dodecahedron and octa- 
hedron at times. 

Structure. Commonly massive. 
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Physical Properties. H.= 3. G.=4.9-5.4. Metallic lus- 
ter. Color brownish bronze on fresh fracture but quickly tar- 
nishing on exposure to variegated purple and blue and finally to 
almost black. Streak grayish black. 

Tests. Easily fusible at 2.5. Gives odor of sulphur dioxide 
on charcoal or in O.T. Yields only a very little sulphur in C. T. 
Becomes magnetic in R. F. If, after roasting, it is moistened 
with hydrochloric acid and heated, it gives an azure-blue flame 
(copper). Easily soluble in nitric acid with separation of sul- 
phur; solution neutralized with ammonia gives red-brown pre- 
cipitate of ferric hydroxide and blue color to filtrate. Charac- 
terized chiefly by its purple tarnish. 


Occurrence. An important and widely occurring ore of copper, 
but usually with other copper minerals and in subordinate amount. 
It has been found as a primary constituent in igneous rocks and in 
pegmatite veins. Bornite and chalcopyrite are the two common 
original copper minerals, from which other copper minerals have 
been derived through secondary action. It is also frequently, itself, 
a secondary mineral, formed in the upper, enriched zone of copper 
veins through the action of descending copper-bearing solutions, 
upon chalcopyrite. The minerals with which it is commonly asso- 
ciated are chalcopyrite, chalcocite, enargite, malachite, azurite, 
pyrite, ete. It frequently occurs in intimate mixture with chal- 
copyrite and chaleocite. Found in the United States at Butte, 
Montana; in the copper mines of Virginia and North Carolina. It 
was found in unusual crystals, associated with crystallized chalcocite 
at Bristol, Connecticut. Occurs at Acton, Canada. Found in 
Cornwall; Monte Catini, Tuscany, and in various other European 
countries. An important ore in Chile, Peru, Bolivia and Mexico. 


Name. Bornite was named after the mineralogist von Born 
(1742-1791). Sometimes called horseflesh ore in reference to 
the color on the fresh fracture, or variegated copper ore or peacock 
ore because of its purple tarnish. Called for the latter reason 
erubescite by English mineralogists. 

Use. An important ore of copper. 


Linnezite. 
A sulphide of cobalt, Co;8, or CoS.Co»8:, with the cobalt replaced 
in varying amount by nickel. Isometric. In small octahedral 
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crystals or granular massive. H.= 5.5. G.= 4.9. Metallic lus- 
ter. Color pale steel-gray. Grayish black streak. Fusible at 2. 
Gives odor of sulphur dioxide in O. T. Fuses in R. F. to a magnetic 
globule. Roasted mineral colors the borax bead blue (cobalt). A 
rare mineral, found with chalcopyrite near Riddarhyttan, Sweden; 
with barite and siderite at Miisen, Prussia; with lead ores at Mine La 
Motte, Missouri. 


Chalcopyrite. Copper Pyrites. Yellow Copper Ore. 


Composition. A sulphide of copper and iron, CuFeS,. = Sul- 
phur 35, copper 34.5, iron 30.5. 

Crystallization. Tetragonal; sphenoidal. Crystals usually in 
unit sphenoids (Fig. 224), which because the vertical axis is close 
to unity (c = 0.985) are very near to the isometric tetrahedron 


Fig. 224. Fig. 225. 


in angles. Steeper sphenoids (Fig. 225), and other more complex 
forms occasionally observed. 

Structure. Usually massive, compact; at times in crystals. 

Physical Properties. H. =3.5. G. = 4.24.3. Metallic lus- 
ter. Color brass-yellow; often tarnished to bronze or iridescent. 
Streak greenish black. 

Tests. Easily fusible to a magnetic globule. Gives odor of 
sulphur dioxide when heated B. B. or in O. T. Gives sulphur in 
C, T. After roasting, and moistening with hydrochloric acid, 
gives an azure-blue flame. Readily decomposed by nitric acid, 
giving separated sulphur; solution made ammoniacal gives red- 
brown precipitate of ferric hydroxide and blue filtrate (copper). 
Recognized by its brass-yellow color, greenish black streak and 
its softness. Distinguished from pyrite by its being softer than 
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steel and from gold by its being brittle. Known sometimes as 
“fool’s gold,” a term which is also applied at times to pyrite. 


Occurrence. The most common ore of copper. Occurs widely 
distributed in metallic veins associated with pyrite, pyrrhotite, 
bornite, chalcocite, tetrahedrite, malachite, azurite, \sphalerite, 
galena, quartz, calcite, dolomite, siderite, etc. May carry gold or 
silver and become an ore of those metals. Often in subordinate 
amount with large bodies of pyrite, making them serve as low-grade 
copper ores. Chief ore of copper mines at Cornwall, England; 
Falun, Sweden; Rio Tinto, Spain; Sudbury, Canada; in South 
Africa, Chile, ete. Found widely in the United States but usually 
in connection with other copper minerals in equal or greater amount; 
found at Butte, \Montana; Bingham, Utah; various districts in 
California, Colorado, Arizona, etc. 


Name. Derived from Greek word meaning brass and from 
pyrites. 
Use. Most important ore of copper. 


Stannite. 


A sulphide of copper, tin and iron, Cu.S8.FeS.SnS,. Zinc at 
times also present. Tetragonal, sphenoidal, but pseudo-isometric 
through twinning. Practically always massive. H.=4. G.= 4.4. 
Metallic luster. Color steel-gray. Streak black. Fusible at 1.5. 
Slightly magnetic after heating in R. F. After roasting, and moist- 
ening with hydrochloric acid, gives when ignited a blue flame (cop- 
per). Fused alone on charcoal gives a nonvolatile white coating 
of tin oxide. A rare mineral, found in various places in Cornwall 
and with the tin ores of Bolivia. ? 


D. DISULPHIDE DIVISION. 
1. PYRITE GROUP. ISOMETRIC; PYRITOHEDRAL. 


Pyrite. Iron Pyrites. 


Composition. Iron disulphide, FeS, = Sulphur 53.4, iron 46.6. 
Sometimes contains small amounts of nickel, cobalt and copper. 
Frequently carries minute quantities of gold (auriferous pyrite). 

Crystallization. Isometric; pyritohedral. Most common 
crystal forms are the cube, the faces of which are usually striated, 
the strie on adjacent faces being perpendicular to each other 
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(Fig. 226); the octahedron, and the pentagonal dodecahedron, 
known commonly as the pyritohedron (Fig. 227). Figs. 228 to 


Fig. 226. Striated Cubes. Fig. 227. Pyritohedron 
a 
a é LS 
Se = 
Fig. 228. Fig. 229. Fig. 230. 
Cube Octahedron k Octahedron 
and Pyritohedron. and Pyritohedron. and Pyritohedron. 


230 show characteristic combinations of these forms. Fig, 231 
shows a penetration twin that is at 
times observed. 

Structure. Oftenincrystals. Also 
massive, granular, reniform, globular 
and stalactitic. 

Physical Properties. Brittle. 
H. = 6-6.5 (unusually hard for a sul- 
phide). G. =4.95-5.10. Luster me- 

Fig. 281. Twinned tallic, splendent.. Color pale brass- 
Ey seemednone. yellow, becoming darker at times on 
account of tarnish, Streak greenish or brownish black, 
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Tests. Easily fusible (2.5-3) to a magnetic globule. Yields 
much sulphur in C. T. Gives off sulphur dioxide in O. T. or 
B. B. on charcoal. Insoluble in hydrochloric acid. Fine pow- 
der completely soluble in nitric acid, but may yield separated 
sulphur when too rapidly decomposed. Distinguished from 
chalcopyrite by its paler color and the fact that it cannot be 
scratched by steel; from gold by its being brittle. 


Occurrence. Pyrite is the most common of the sulphides. It is 
a common vein mineral, occurring in rocks of all ages and associated 
with many different minerals. Found frequently with chalcopyrite, 
sphalerite, galena, etc. Is widely distributed as an accessory rock 
mineral in both igneous and sedimentary rocks. Important de- 
posits of pyrite in the United States are in Prince William, Louisa 
and Pulaski counties, Virginia, where it occurs in large lenticular 
masses which conform in position to the foliation of the inclosing 
schists; in St. Lawrence County, New York; at the Davis Mine, 
near Charlemont, Massachusetts; in various places in California. 
Large deposits occur at Rio Tinto and other mines in Spain, also in 
Portugal. 


Alteration. Pyrite is easily altered to oxides of iron, usually 
limonite. It is, however, in general much more stable than 
marcasite. Pseudomorphic crystals of limonite after pyrite are 
common. Pyrite veins are usually capped by a cellular deposit 
of limonite, termed gossan. Rocks that contain pyrite are un- 
suitable for structural purposes because the ready oxidation of 
the pyrite in them would serve both to disintegrate the rock 
and to stain it with iron oxide. 

Name. The name pyrite is from a Greek word meaning /ire, 
in allusion to the fact that when struck with steel it gives off 
brilliant sparks. 

Use. Pyrite is often mined for the gold or copper associated 

- with it. Because of the large amount of sulphur present in the 
mineral it is never used as an iron ore. It is chiefly used to fur- 
nish sulphuric acid and copperas (ferrous sulphate). Sulphuric 
acid is perhaps the most important of all chemicals, being used 
for many different purposes, some of the more important being 
in the purification of kerosene and in the preparation of mineral 
fertilizers. The gas SO, derived either through burning sulphur 
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or by roasting pyrite is used extensively in the preparation of 
wood pulp for manufacture into paper. Copperas is used in 
dyeing, in the manufacture of inks, as a preservative of wood, 
and for a disinfectant. 


Smaltite-Chloanthite. 


Smaltite is cobalt arsenide, CoAs:; chloanthite, nickel arsenide, 
NiAs,. The two molecules are isomorphous and all gradations 
between the two species occur. Isometric; pyritohedral. Usually 
massive, granular. Octahedral cleavage. H. = 5.5-6. G. = 6.3- 
6.8. Metallic luster. Color tin-white. Streak black. Fusible at 
2-2.5. Roasted on charcoal give a volatile coating of arsenious 
oxide with characteristic garlic odor. In borax bead in O. F. give 
blue color (cobalt). Rare species, occurring with other cobalt and 
nickel minerals, often associated with silver and copper ores. 


Cobaltite-Gersdorffite. 


Cobaltite is a sulpharsenide of cobalt, CoAsS; gersdorffite a 
sulpharsenide of nickel, NiAsS. The two molecules are isomor- 
phous with each other, and may occur together in varying amounts. 
Usually, however, any specimen will be found to be near one or the 
other ends of the series. Iron is frequently present, replacing the 
cobalt or the nickel, and sometimes in considerable amount. Iso- 
metric; pyritohedral, Cobaltite commonly in cubes, pyritohedrons 
and octahedrons, also massive. Gersdorffite usually massive. Cubic 
cleavage. H.= 5.5-6.. G.= 5.8-6.2. Metallic luster. Color, tin- 
white, in cobaltite inclining to reddish tone. Streak black. Fusible 
2-3. On charcoal give a volatile white sublimate of arsenious oxide 
with characteristic garlic odor. In O. T. give volatile crystalline 
sublimate of arsenious oxide with odor of sulphur dioxide. In O. F. 
in borax bead give deep blue color (cobalt); if gersdorffite contains 
no cobalt, gives brown bead (nickel), Rare minerals, cobaltite 
being the commoner. Found associated with other cobalt and 
nickel minerals and with silver and copper ores. Notable occur- 


rences of cobaltite are at Tunaberg, Sweden, and Cobalt, Ontario, © 


Canada. 
Sperrylite. 


A platinum arsenide, PtAs:;. Isometric; pyritohedral. Usually 
in small grains, or in almost microscopic crystal fragments. H.= 
6-7. G.= 10.6. Metallic luster. Tin-white color, Black streak. 
Fusible at 2, Roasted on charcoal gives volatile white coating of 
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arsenious oxide with characteristic garlic odor. Roasted in O. T., 
at first very gently, a platinum sponge is left, which is insoluble i in 
any single acid. A very rare mineral and the only known compound 
of platinum occurring in nature. Found with chalcopyrite in a 
gold-quartz vein near Sudbury, Canada, and with covellite at the 
Rambler Mine, Encampment, Wyoming. 


2. MARCASITE GROUP. ORTHORHOMBIC. 
Marcasite. White Iron Pyrites. 
Composition. Iron disulphide, like pyrite, FeS;= Sulphur 
53.4, iron 46.6. 
Crystallization. Orthorhombic. Crystals commonly tabular 
parallel to basal plane, showing also short prisms and low brachy- 
domes (Fig. 232). The brachydomes usually striated parallel 
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Fig. 232. Fig. 233. 


to the brachy-axis. Often twinned, giving coxcomb and spear- 
shaped groups (Fig. 233). Closely related in crystal forms and 
habit to arsenopyrite. 

Structure. Usually in radiating forms. Often stalactitic, 
haying an inner core with radiating structure and covered on the 
outside with irregular crystal groups. Also globular, reniform, 
etc. More rarely in crystals. 

Physical Properties. H.=6-6.5. G.=4.85-4.9. Metallic 
luster. Color pale yellow to almost white, yellow to brown tar- 
nish. Streak grayish black. 

Tests. Fusible (2.5-3) to a magnetic globule. B. B. on char- 
coal or in O. T. gives odor of sulphur dioxide. Much sulphur in 
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C. T. When fine powder is treated by cold nitric acid, and the 
solution allowed to stand until vigorous action ceases and then 
boiled, the mineral is decomposed with separation of sulphur. 
Pyrite treated in the same manner would have been completely 
dissolved. Recognized usually by its pale yellow color, its erys- 
tals or its fibrous structure. 

Occurrence. Marcasite is found in metalliferous veins, frequently 
with lead and zinc ores. Also at times in sedimentary rocks. It 
is more unstable than pyrite, being easily decomposed, and is not 
nearly as common in its occurrence. Found abundantly in clay 
near Carlsbad and elsewhere in Bohemia; in various places in 
Saxony; in the chalk marl of Folkestone and Dover, England; with 
zinc and lead deposits of Joplin, Missouri, and of Mineral Point, 
Wisconsin. 


Name. Derived from an Arabic word, at one time applied 


generally to pyrite. 
Use. Toa slight extent as a source of sulphuric acid, ete. 


Arsenopyrite.. Mispickel. 


Composition. Sulpharsenide of iron, FeAsS = Arsenic 46, 
sulphur 19.7, iron 34.3. Sometimes cobalt replaces a part of the 
iron (danaite). 

Crystallization. Orthorhombic. Usually in tabular diamond- 
shaped crystals, formed by a short prism terminated by low 
brachydomes. The brachydomes are usually striated parallel 


Fig. 234. Fig. 235. 


to the brachy-axis (Fig. 234). Twinned at times, giving stellate 
groups; the different individuals of the twin groups being dis- 
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tinguished from each other by the direction of the striations 
upon them (Fig. 235). Agrees closely in angles and crystal habit 
with marcasite. 

Structure. In crystals. Massive, granular to compact. 

Physical Properties. H.= 5.5-6. G.=6-6.2. Metallic lus- 
ter. Silver-white color. Black streak. 

Tests. Fusible at 2 to a magnetic globule. B. B. on charcoal 
gives a volatile coating of arsenious oxide and a characteristic 
garlic odor. In O. T. gives odor of sulphur dioxide and a volatile 
ring of arsenious oxide. In C. T. gives arsenic mirror. Recog- 
nized usually by its silver-white color, its crystals and a test for 
arsenic. 

Occurrence. Arsenopyrite is the most common mineral contain- 
ing arsenic. Found in veins in crystalline rocks, associated with 
ores of tin, silver, lead and with pyrite, chalcopyrite, sphalerite, etc. 
Sometimes it is auriferous and serves as a gold ore. Occurs in quan- 
tity at Freiberg and Munzig, Saxony; in the Harz Mountains; with 
tin ores in Cornwall, England; in various places in Bolivia; New 
South Wales; Deloro, Canada, where it is mined as a gold ore; Rox- 
bury, Connecticut, etc. 


Use. Anore of arsenic. Arsenious oxide is used in the manu- 
facture of glass, as a poison and a preservative. Paris green, an 
“arsenate and acetate of copper, is used as a poison and a pigment. 
Sulphides #4 arsenic are used for paints and fireworks. 


Tn 
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3. SYLVANITE GROUP. 
Sylvanite. 

Composition. Telluride of gold and silver (Au,Ag)Te:. The 
ratio of the amounts of gold and silver varies somewhat; when 
Au: Ag = 1:1 = Tellurium 62.1, gold 24.5, silver 13.4. 

Crystallization. Monoclinic. Distinct crystals rare. 

Structure. Usually bladed or granular. Often in skeleton 
forms deposited on rock surfaces and resembling writing in 
appearance, 


Physical Properties. Perfect cleavage parallel to clinopina- 
coid. H. = 1.5-2. G. = 8-8.2. Brilliant metallic luster. Color 


silver-white. Streak gray. 
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Tests. Easily fusible (1). If a little of the powdered mineral 
is heated in concentrated sulphuric acid the solution assumes a 
deep red color (tellurium). When decomposed in nitric acid 
leaves a rusty-colored, spongy mass of gold, and the solution 
with hydrochloric acid gives white precipitate of silver chloride. 
With sodium carbonate on charcoal gives a globule of gold and 
silver. Determined, by above tests, by its silver color and good 
cleavage. 


Occurrence. A rare mineral, found with gold ores at Offenbénya 
and Nagydg in Transylvania; Kalgoorlie, West Australia; Cripple 
Creek, Colorado. 

Name. Derived from Transylvania, where it was first found. 

Use. An ore of gold. 


Calaverite. 


Composition. Gold telluride, AuTe: = Tellurium 55.97, gold 
44.03. Silver usually present isomorphous with the gold, to a 
small extent. 

Crystallization. Monoclinic. Crystals usually developed 
parallel to the ortho-axis and the faces of the orthodome zone 
deeply striated. Terminated at the ends of the ortho-axis with 
a large number of faces. Crystallization complicated. Twin- 
ning frequent. 

Structure. Usually granular. Distinct crystals rare. 

Physical Properties. H. = 2.5. G. = 9.35. Metallic luster. 
Silver-white color, sometimes with yellowish tarnish. Streak 
pray. 

Tests. Easily fusible (1). If a little of the powdered mineral 
is heated in concentrated sulphuric acid the solution assumes a 
deep red color (tellurium). When decomposed by nitric acid 
leaves a rusty-colored, spongy mass of gold, and on addition of 
hydrochloric acid gives only a slight precipitate of silver chloride. 
Distinguished from sylvanite by small amount of silver present 
and by its lack of a cleavage. 


Occurrence. Found with sylvanite and other tellurides in the 
Cripple Creek District, Colorado, and at Kalgoorlie, West Australia. 
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Name. Found originally at the Stanislaus Mine, Calaveras 
County, California, whence name. 
Use. An ore of gold. 


Other rare tellurides belonging to this group are, krennerite, 
AuTe:, and nagyagite, a sulpho-telluride of lead and gold. 


SULPHARSENITES, ETC. 


The minerals in this division are considered to be salts of the 
sulpho-acids of trivalent arsenic, antimony and bismuth. Vari- 
ous types of these acids are found, such as H;AsS;, H.AsS,, 
H,As.S,, ete. A subdivision includes the sulpharsenates, etc., 
being chiefly salts of the acid H,AsS,. The metals observed are 
most commonly copper, silver and lead; also at times iron, zine 
and mercury. 


Jamesonite. Feather Ore. 


Composition. Sulphantimonite of lead, Pb,Sb.S, or 
3Pb8.S8b.8; = Sulphur 19.7, antimony 29.5, lead 50.8. 

Crystallization. Orthorhombic. 

Structure. Usually in acicular crystals or in capillary forms. 
Also fibrous to compact massive. 

Physical Properties. Basal cleavage. Brittle. H. = 2-3. 
G. = 5.5-6. Metallic luster. Color and streak steel-gray to 
grayish black. 

Tests. Fusible at 1. On charcoal gives a combination coat- 
ing of lead and antimony oxides. Roasted in O. T. gives sub- 
limates of antimony oxides. Heated on charcoal with a mixture 
of potassium iodide and sulphur gives a chrome-yellow coating 
of lead iodide. Recognized by above tests and characteristic 
fibrous structure. Difficult to distinguish from similar species 


(see below). 


Occurrence. Found in Cornwall, England, and from various 
localities in Hungary, Saxony, ete.; from Bolivia. Noted in the 
United States from Sevier County, Arkansas, and the Montezuma 
Mine, Nevada. 
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Similar Species. There are a number of minerals similar 
to jamesonite in composition and general physical charac- 
teristics whose relations to each other in many cases are not 
thoroughly understood. These include such minerals as zinken- 
ite, PbS.Sb.8;; plagionite, 5PbS.48b.8;; warrenite, 3PbS.2Sb.8;; 
boulangerite, 3PbS.Sb.8:; meneghinite, 4PbS.Sb:S3; geocronite, 
5PbS.Sb283. 


Bournonite. 


Composition. Sulphantimonite of lead and copper 
(Pb,Cuz);Sb2S. or 3(Pb,Cuz)8.Sb.8;. The relative amounts of 
the lead and copper present vary, but in general correspond 
closely to the ratio, Pb : Cu, = 2:1. L i 

Crystallization. Orthorhombie. Crystals usually short pris- 
matic to tabular. Sometimes quite complex with many prism, 

pyramid and dome faces. Frequently 
twinned, giving tabular crystals with 
recurring reéntrant angles in the prism 


<i 
z — 
oe. zone (Fig. 236), whence the common 
Cy name of cogwheel ore. 
ee 


Structure. Massive; granular to 
compact; in crystals. 
Physical Properties. H. = 2.5-3. 
Fig. 236. G. = 5.7-5.9. Metallic luster. Color 
and streak steel-gray to black. 

Tests. Fusible at 1. B. B. on charcoal gives a combination 
coating of antimony and lead oxides. Roasted in O. T. gives 
sublimates of antimony oxides. Heated on charcoal with a 
mixture of potassium iodide and sulphur gives a chrome-yellow 
coating of lead iodide. Decomposed with nitric acid, solution 
turns blue with excess of ammonia (copper). Recognized either 
by characteristic crystals or above tests. 


Occurrence. Araremineral. Found at Neudorf and other locali- 
ties in the Harz Mountains; Kapnik in Hungary; Liskeard in Corn- 
wall, ete. Has been found, also, in various places in the United 
States, but not in notable amount or quality. 
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Pyrargyrite. Dark Ruby Silver. 

Composition. Sulphantimonite of silver, Ag;SbS; or 
3AgS.Sb.8;= Sulphur 17.8, antimony 22.3, silver 59.8. 
Sometimes contains a small amount of arsenic. Compare 
proustite. 

Crystallization. Hexagonal-rhombohedral; hemimorphic. 
Crystals prismatic with rhombohedral and scalenohedral termi- 
nations. Usually distorted and often with complex develop- 
ment. Frequently twinned. 

Structure. In crystals or massive; compact; in disseminated 
grains. 

Physical Properties. Rhombohedral cleavage. H. = 2.5. G. 
= 5.85. Luster adamantine. Color usually dark red to black, 
in thin splinters deep ruby-red. Indian-red streak. 

Tests. Fusible at 1. On charcoal gives dense white coating 
of antimony trioxide. After prolonged heating, coating becomes 
tinged with a reddish color near assay due to a small amount of 
volatilized silver. Odor of sulphur dioxide and coatings of anti- 
mony oxides when heated in O. T. Decomposed by nitric acid 
and solution with hydrochloric acid gives white precipitate 
of silver chloride. Characterized chiefly by its dark red color 
and streak. 

Occurrence. A rare silver mineral associated with proustite, 
argentite, galena, calcite, ete. Found in the silver mines at Andreas- 
berg, Harz Mountains; at Freiberg, Saxony; Pribram, Bohemia; 
in Hungary; Transylvania; Norway; in Guanajuato, Mexico; at 
Chajnarcillo, Chile. Found in various silver veins in the San Juan 
Mountains and elsewhere in Colorado; in the silver districts of 
Nevada, New Mexico, ete. 


Name. Derived from two Greek words meaning fire-silver. 
Use. An ore of silver. 


Proustite. Light Ruby Silver. 


Composition. Sulpharsenite of silver, Ag;AsS; or 3Ag,8.8b.8; 
= Sulphur 19.4, arsenic 15.2, silver 65.4. May contain a small 
amount of antimony. Compare pyrargyrite. 
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Crystallization. | Hexagonal-rhombohedral; hemimorphic. 
Crystals commonly with prominent steep rhombohedrons and 
scalenohedrons. Often distorted and frequently complex in 
development. 

Structure. Commonly massive, compact, in disseminated 
grains. 

Physical Properties. Rhombohedral cleavage. H.= 2-2.5. 
G.= 5.55. Adamantine luster. Color ruby-red. Transparent 
to translucent. Red streak. High index of refraction. 

Tests. Fusible at 1. Heated on charcoal gives volatile sub- 
limate of arsenious oxide with characteristic garlic odor. In O.T. 
gives odor of sulphur dioxide and volatile crystalline sublimate 
of arsenious oxide. In C. T. gives abundant sublimate of arsenic 
sulphide, reddish black when hot, reddish yellow when cold. 
With sodium carbonate on charcoal gives a globule of silver. 
Characterized chiefly by its ruby-red color and streak and its 
brilliant luster. 


Occurrence. A rare mineral, occurring in silver veins associated 
with various other sulpharsenites and sulphantimonites. Found in 
the silver mines of Saxony; Bohemia; at Chajfarcillo, Chile, in fine 
crystals; common in the silver mines of Peru and Mexico. Found 
in Colorado in the silver mines of the San Juan Mountains and else- 
where; in various silver districts in Nevada, ete. 


Use. An ore of silver. 


Tetrahedrite-Tennantite. Gray Copper. Fahlore. 


Composition. Tetrahedrite, Cu,Sb.8,; or 4Cu.S.Sb.8; = Sul- 
phur 23.1, antimony 24.8, copper 52.1. Tennantite, Cu,As,8; or 
4Cu,s. Rees Sulphur 25.5, arsenic 17.0, copper 57.5.  Anti- 
mony and arsenic are icualle both present and the two species 
graduate into each other, so that no sharp line can be drawn 
between them. The copper is often replaced in varying amounts 
by iron, zinc, silver, mercury, lead, etc. 

Crystallization. Isometric; tetrahedral. Habit tetrahedral. 
Tetrahedron (Fig. 237), tristetrahedron, dodecahedron and cube 
the common forms. 


— lO 
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Structure. Frequently in crystals. Also massive, coarse or 
fine granular. 

Physical Properties. H.=3-4. G.=4.7-5. Metallic lus- 
ter, often splendent. Color grayish black to black. Streak 
black. 

Tests. Easily fusible at 1.5. On charcoal or in O. T. gives 
tests for antimony or arsenic, or both. After roasting, and 
moistening with hydrochloric acid, gives 
azure-blue flame. Decomposed by nitric 
acid with separation of sulphur and anti- 
mony trioxide; solution made alkaline 
with ammonia turns blue. The two 
species are only to be told apart by test- 
ing for the presence of antimony and 
arsenic, and as both are often present in Fig. 237. 
the same specimen a quantatitive analysis 
may be necessary in order to positively determine to which end 
of the series it belongs. Recognized by its tetrahedral crystals, 
or when massive by its fine-grained structure and by its gray 
color. 

Occurrence. Found in metallic veins usually associated with 
chalcopyrite, pyrite, sphalerite, galena and various other silver, lead 
and copper ores. May carry sufficient silver to become an important 
ore of that metal (the highly argentiferous variety is known as 
freibergite). Is found in the United States in various silver and 
copper mines in Colorado, Nevada, Arizona, ete. Found in Corn- 
wall, England; the Harz Mountains, Germany; Freiberg, Saxony; 
Pribram in Bohemia; various places in Hungary; in the silver mines 
of Mexico, Chile, Peru and Bolivia. 


Use. An ore of silver and copper. 


Stephanite. 


Composition. Sulphantimonite of silver, Ag;SbS, or 
5Ag.S.Sb.8; = Sulphur 16.3, antimony 15.2, silver 68.5. 

Crystallization. Orthorhombic. Crystals usually short pris- 
matic and tabular parallel to the base. Edges of crystals trun- 
cated by various pyramids. Prism zone usually shows the four 
prism faces and the two of the brachypinacoid, all making 
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nearly 60° angles with each other and so giving the crystals a 
hexagonal aspect, Also twinned in pseudohexagonal crystals. 
Crystals usually small. : 

Structure. Massive, in disseminated grains; crystallized. 

Physical Properties. H.=2-2.5. G.=6.2-6.3. Metallic 
luster. Color and streak iron-black. 

Tests. Fusible at 1. B. B. on charcoal gives dense white 
sublimate of antimony trioxide and odor of sulphur dioxide. 
Decomposed by nitric acid, and if after filtering a little hydro- 
chloric acid is added to filtrate, it gives a white precipitate of 
silver chloride. Recognized by its stout hexagonal crystals 
and the above tests. 


Occurrence. Araresilver mineral. Found associated with other 
sulphantimonites of silver, ete. Occurs at Freiberg and other locali- 
ties in Saxony; in Bohemia and Hungary; at Guanajuato and Arizpe, 
Sonora, etc., Mexico; in Peru and Chile. In the United States was 
- an abundant ore at the Comstock Lode and other silver deposits in 
Nevada. 


Use. An ore of silver. 


Polybasite. 


Composition. Sulphantimonite of silver, Ag SbS. or 
9Ag8.Sb.8;=Sulphur 15, antimony 9.4, silver 75.6. Copper re- 
places a part of the silver and arsenic replaces the antimony. 

Crystallization. Monoclinic. Crystals are pseudorhombohe- 
dral in symmetry, occurring in short hexagonal prisms, often thin 
tabular. Basal planes show triangular markings. 

Structure. Incrystals. Granular. 

Physical Properties. H.= 2-3. G.=6-6.2. Metallic lus- 
ter. Color steel-gray to iron-black. Streak black. 

Tests. Fusible at 1. B. B. on charcoal gives dense white 
coating of antimony trioxide with odor of sulphur dioxide. After 
decomposition by nitric acid, the filtrate with hydrochloric acid 
-gives white precipitate of silver chloride. To be distinguished 
from other similar species chiefly by its crystals. 


Occurrence. A comparatively rare silver mineral, associated with 
other sulphantimonides of silver and with silver ores in general. 
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Found in the silver mines of Mexico, Chile, Saxony and Bohemia. 
Found in the United States at the Comstock Lode, Nevada; near 
Ouray, Colorado, etc. 

Name. Name is in allusion to the many bases contained in the 
mineral. 

Use. An ore of silver. 


Enargite. 

Composition. Sulpharsenate of copper, CusAsS, or 
3Cu.8.As8;= Sulphur 32.6, arsenic 19.1, copper 4.83. Anti- 
mony may replace in part the arsenic, and the species graduate 
toward famatinite (3Cu.S.Sb.S,). 

Crystallization. Orthorhombic. Prismatic crystals with 
prism zone vertically striated. 

Structure. Columnar, bladed, massive. 

Physical Properties. Perfect prismatic cleavage. H.= 3. 
G. = 4.48-4.45. Metallic luster. Color and streak grayish 
black to iron-black. 

Tests. Easily fusible (1). B. B. on charcoal gives volatile 
white sublimate of arsenious oxide and characteristic garlic odor. 
In O. T. gives white crystalline sublimate of arsenious oxide and 
odor of sulphur dioxide. Roasted on charcoal, then moistened 
with hydrochloric acid and again ignited, gives azure-blue flame. 
Characterized by its color, its cleavage and the above tests. 

Occurrence. A comparatively rare mineral, found associated with 
other copper minerals, as chalcocite, bornite, tennantite, ete. Found 
abundantly at Morococha, Peru; also in the United States of Col- 
ombia; Argentine Republic; island of Luzon, Philippines. Found 
in considerable quantity with the copper ores at Butte, Montana. 
Occurs in the silver mines of the San Juan Mountains, Colorado. 


Use. An ore of copper. Arsenic oxide also obtained from it 
at Butte, Mont. 


CHLORIDES, ETC. 


The chlorides with the related bromides, iodides and fluorides 
are grouped into the following divisions: (1) Anhydrous Chlor- 
ides, ete.; (2) Oxychlorides, etc.; (3) Hydrous Chlorides, etc. 
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1. ANHYDROUS CHLORIDES, ETC. 
HALITE GROUP. 


The Halite Group includes the isometric minerals halite, NaCl; 
sylvite, KCl; cerargyrite, AgCl; embolite, Ag(ClL,Br); bromyrite, 
AgBr. : 


Halite. Common Salt. 


Composition. Sodium chloride, NaCl = Chlorine 60.6, so- 
dium 39.4. Commonly contains impurities, such as calcium 
sulphate and calcium and magnesium chlorides. | 
age Crystallization. Isometric. Habit cubic | 
(Fig. 238). Other forms very rare. 

Structure. In crystals or granular crystal- 
line, in masses showing cubical cleavage, 
known as rock salt. Also massive, granular 
to compact. 

Physical Properties. Perfect cubic cleay- 
age. H.=2.5. G.=2.1-2.6. Transparent 
to translucent. Colorless or white, or when impure may have 
shades of yellow, red, blue, purple. Readily soluble in water. 
Salty taste. 

Tests. Lasily fusible at 1.5, giving strong ycllow flame of 
sodium. After intense ignition B. B. residue gives alkaline re- 
action to moistened test paper. Readily soluble in water; 
solution made acid with nitric acid gives with silver nitrate a 
heavy white precipitate of silver chloride. Salty taste. Dis- 
tinguished from sylvite (KCI) by its yellow flame color and by 
the latter having a somewhat more bitter taste. 


Fig. 238. 


Occurrence. A common and widely disseminated mineral, oc- 
curring often in extensive beds and irregular masses, interstratified 
in rocks of all ages, in such a manner as to form a true rock mass. 
Associated with gypsum, sylvite, anhydrite, calcite, clay, sand, ete. 
Occurs also dissolved in the waters of salt springs, salt scas and the 
ocean. 

The deposits of salt have been formed by the gradual evaporation 
and ultimate drying up of inelosed bodies of salt water. The salt 
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beds formed in this way have subsequently been covered by other 
sedimentary deposits and gradually buried beneath the rock strata 
formed from them. The salt beds range from a few feet up to one 
hundred in thickness and have been found at depths of two thousand 
feet and more from the surface. The history of the formation of 
these salt beds is as follows: River waters contain a small but 
appreciable amount of various soluble salts. When these waters 
are collected in a sea which has no outlet, or in other words, a sea 
where the evaporation equals or exceeds the amount of water flowing 
in, there is a gradual concentration in the sea of the salts brought 
into it by the rivers. The sea water, therefore, in time becomes 
heavily charged with soluble salts, particularly sodium chloride. 
When the points of concentration of the various salts held in solu- 
tion are reached, they will be deposited progressively upon the sea 
bottom, commencing with the most insoluble. This process may 
continue for a long period of time and ultimately a thick layer of 
salt and other soluble minerals be formed on the bottom. The 
process may be interrupted by seasons of flood in which the sea 
water becomes freshened beyond the concentration point. Silt 
materials may be brought in at such times and deposited upon the 
bottom and so form beds of clay alternating with those of salt. 
Such deposits of salt have been formed whenever favorable condi- 
tions occurred, and are now to be found buried in rock strata of all 
ages. At the present time similar deposits are being formed in the 
Great Salt Lake and the Dead Sea. 

In the United States salt is produced, on a commercial scale, in 
some fifteen states, either from rock-salt deposits, or by evaporation 
of salt lake or sea waters. Beds of rock salt are found in New York 
State from the Oatka Valley in Wyoming County east to Morrisville, 
Madison County, and south of this line wherever wells have been 
driven deep enough to reach the beds. The important producing 
localities are near Syracuse, Ithaca, Watkins and Ludlowville, and 
at various places in Wyoming, Genesee and Livingston counties. 
Extensive deposits of salt occur in Michigan, chiefly in Saginaw, 
Bay, Midland, Isabella, Detroit, Wayne, Manistee, and Mason 
counties. Notable deposits are also found in Ohio, Kansas, Louisi- 
ana. Salt is obtained by the evaporation of saline waters in Cali- 
fornia, Utah and Texas. 

Important foreign localities for the production of salt are to be 
found in Austrian Poland, Hungary, Bavaria, Prussia, Spain and 
Great Britain. 


Use. The chief uses of salt are for culinary and preserva- 
tive purposes. It is used also in the manufacture of soda ash 
(sodium carbonate), which is used in glass making, soap making, 


168 MANUAL OF MINERALOGY 


bleaching, etc., and in the preparation of sodium salts in general. 
Salt is used also in the extraction of gold by the chlorination 
process. 


Sylvite. 


Composition. Potassium chloride, KCl = Chlorine 47.6, po- 
tassium 52.4. Sometimes contains sodium chloride. 
Crystallization. Isometric. Cube and oc- 
[PNT tahedron frequently in combination (Fig. 239). 
Structure. Usually in granular crystalline 
masses showing cubic cleavage; compact. 

\ Ar Physical Properties. Perfect cubical cleav- 
age. H.=2. G.=1.9. Transparent when 
pure. Colorless or white; also shades of blue, 
yellow or red from impurities. Readily soluble in water. Salty 
taste but more bitter than in the case of halite. 

Tests. Easily fusible at 1.5, giving’violet flame of potassium, 
which may be obscured*by yellow flame due to sodium present. 
The yellow sodium flame may be filtered out by use of a blue 
glass, and the violet of the potassium rendered visible. After 
intense ignition, residue gives alkaline reaction on moistened 
test paper. Readily soluble in water; solution made acid with 
nitric acid gives with silver nitrate a heavy precipitate of silver 
chloride. Distinguished from halite by the violet flame color of 
potassium and its slightly bitter taste. 


Fig. 239. 


Occurrence. Has the same origin, mode of occurrence and asso- 
ciations as halite (which see) but is much more rare. Found in 
some quantity and at times well crystallized in connection with the 
salt deposits at Stassfurt, Prussia. 


Name. Potassium chloride is the sal digestivus Sylvii of early 
chemistry, whence the name for the species. 

Use. One source of potassium compounds which are exten- 
sively used as fertilizers. Other potassium minerals that are 
found in Germany in sufficient amount to make them valuable 
as sources of potassium salts are, carnallite, KCl. MgCl.6H,0 
(see page 173); kainite, MgSO.KCl13H,0;  polyhalite, 
K,S0O,.MgS0..2CaSO,.2H,0. 
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Cerargyrite. Horn Silver. 


Composition. Silver chloride, AgCl = Silver 75.3, chlorine 
24.7. Some varieties contain mercury. 

Crystallization. Isometric. Habit cubic. 

Structure. Usually massive, resembling wax; often in plates 
and crusts. 

Physical Properties. H.= 2-3. G.= 5.8-6. Sectile, can be 
cut with a knife like horn. Transparent to translucent. Color 
pearl-gray to colorless. Rapidly darkens to violet-brown on 
exposure to light. 

Tests. Very easily fusible at 1. B.B. on charcoal gives a 
globule of silver. Insoluble in nitric acid, but slowly soluble 
in ammonium hydroxide. When heated with galena in C. T. 
gives a white sublimate of lead chloride. Distinguished chiefly 
by its horny or waxlike appearance and its sectility. 

Occurrence. Cerargyrite is an important secondary ore of silver. 
It is only to be found in the upper, enriched zone of silver veins where 
descending waters containing small amounts of chlorine have acted 
upon the oxidized products of the primary silver ores of the vein. 
Found associated with other silver ores, galena, etc.; with native sil 
ver, cerussite and secondary minerals in general. Was an important 
mineral in the mines at Leadville and elsewhere in Colorado, at the 
Comstock Lode in Nevada, in crystals at the Poorman’s Lode in 
Idaho. Notable amounts have been found in Peru, Chile and 
Mexico, and in the silver mines of Saxony. 


Name. Cerargyrite is derived from two Greek words mean- 
ing horn and silver, in allusion to its hornlike appearance and 


characteristics. 
Use. Silver ore. 


Embolite. 


Composition, Ag(Cl,Br). Crystallization, structure and physical 
properties, like those of cerargyrite (which see). Tests, same as for 
cerargyrite, except that, when heated in C. T. with galena, it gives 
a lead bromide sublimate, which is yellow when hot and white when 
cold. Occurrence, same as for cerargyrite, with which it is usually 


found, but much rarer. 
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Other similar silver compounds which are still rarer in their 
occurrence are, bremyrite, AgBr; todobromite, Ag(Cl,Br,I); tody- 
rite, AglI. ; 


Fluorite. Fluor Spar. 


Composition. Calcium fluoride, CaF, = Fluorine 48.9, cal- 
cium 51.1. 

Crystallization. Isometric. Habit cubic (Fig. 240) often in 
twinned cubes (Figs. 241 and 242). Other forms are rare, but 
examples of all the forms of the Normal 
Class have been observed; the tetrahexa- 
hedron (Fig. 243) and hexoctahedron (Fig. 
244) are characteristic. 

Structure. Usually crystallized. Also 
massive; coarse or fine granular, columnar. 

Physical Properties. Perfect octahedral 
cleavage. H. = 4. G. = 3.18. Transpar- 
ent to subtranslucent. Vitreous luster. Color widely various; 
most commonly light green, yellow, bluish green or purple, also 


Fig. 240. 


Fig, 241, Fig. 242, 


colorless, white, rose, blue, brown. A single crystal may show 
varying bands of color; the massive variety is also often banded 
in color. The bluish green varieties often show fluorescence 
(green by transmitted light, blue by reflected light), Some 
varieties phosphoresce when heated, giving off variously colored 
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lights which are independent of the actual color of the specimen. 
The variety affording a green light is known as chlorophane. 
Tests. Fusible at 3, and residue gives alkaline reaction to 
moistened test paper. Gives a reddish flame (caletum). When 
mixed with potassium bisulphate and heated in C. T., hydro- 


Fig. 243. Fig. 244, 


fluoric acid is evolved which etches the glass, and a white deposit 
of silica forms upon the walls of the tube. Determined usually 
by its cubie crystals and octahedral cleavage, also vitreous luster 
and usually fine coloring, and by the fact that it can be scratched 
with a knife. 

Occurrence. A common and widely distributed mineral. Usually 
found either in veins in which it is the chief mineral or as a gangue 
mineral with metallic ores, especially those of lead and tin. Com- 
mon in dolomites and limestone and has been observed also as a 
minor accessory mineral in various igneous rocks. Associated with 
many different minerals, as calcite, dolomite, gypsum, celestite, 
barite, quartz, galena, sphalerite, cassiterite, topaz, tourmaline, 
apatite. 

The more important deposits in the United States are in southern 
Illinois near Rosiclare, and in the adjacent part of Kentucky. The 
fluorite occurs here in limestone, in fissure veins which at times 
become 40 feet in width. Fluorite is found in quantity in England, 
chiefly from Cumberland, Derbyshire and Durham; the first two 
localities being famous for their magnificent crystallized specimens. 
Found commonly in the mines of Saxony. 


Use. Fluorite is used mainly as a flux in the making of steel, 
in the manufacture of opalescent glass, in enameling cooking 
utensils, for the preparation of hydrofluoric acid, and occasionally 
as an ornamental material in the form of vases, dishes, etc. 
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Cryolite. 


Composition. A fluoride of sodium and aluminium, Na;AlFs 


= Fluorine 54.4, aluminium 12.8, sodium 32.8. 

Crystallization. Monoclinic. Prominent forms are prism 
and base. Crystals rare, usually cubic in aspect, and in parallel 
groupings growing out of massive material. 

Structure. Usually massive. 

Physical Properties. H.= 2.5. G.=2.95-3. Vitreous to 
greasy luster. Colorless to snow-white. Transparent to trans- 
lucent. A low index of refraction, giving the mineral an appear- 
ance of watery snow or of paraffin. Powdered mineral almost 
disappears when immersed in water. 

Tests. Easily fusible (1.5), with strong yellow sodium flame. 
After intense ignition, residue gives alkaline reaction on moist- 
ened test paper. Fused in C, T. with potassium bisulphate, 
evolves hydrofluoric acid and gives a volatile white ring of 
silica. Characterized by its massive structure, white color and 
peculiar luster. 


Occurrence. Occurs in a large vein lying in granite at Arksuk- 
fiord on the west coast of Greenland. The following minerals are 
found in small amounts associated with the cryolite: quartz, siderite, 
galena, sphalerite, pyrite, chalcopyrite, wolframite, fluorite, cassit- 
erite, molybdenite, arsenopyrite, columbite. Found also in very 
small amounts at Miask, Ilmen Mountains, Siberia, and at foot of 
Pike’s Peak, Colorado. 


Name. Name is derived from two Greek words meaning frost 
and stone, in allusion to its icy appearance. 

Use. It is used for the manufacture of sodium salts, of certain 
kinds of glass and porcelain, and as a flux in the electrolytic 
process for the production of aluminium. 


2. OXYCHLORIDES, ETC. 
Atacamite. 


Composition. Copper chloride with copper hydroxide, 
CuCh.3Cu(OH), = Sloribe, 16. 6, copper 14. 9, cupric oxide 55.8, 
water 12.7. 
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Crystallization. Orthorhombic. Commonly slender pris- 
matic in habit, with vertical striations. Also tabular parallel 
to brachypinacoid. 

Structure. In confused crystalline aggregates; fibrous; gran- 
ular. As sand. 

Physical Properties. Cleavage perfect parallel to brachy- 
pinacoid. H.= 3-3.5. G.= 3.75-3.77. Adamantine to vitre- 
ous luster. Color various shades of green. Transparent to 
translucent. 

Tests. Fusible (3-4), giving an azure-blue flame of copper 
chloride. B. B. on charcoal with sodium carbonate gives globule 
of copper. Nitric acid solution with silver nitrate gives white 
precipitate of silver chloride; with ammonia in excess gives blue 
solution. Gives acid water in C. T. Characterized by its 
green color and granular crystalline structure. Distinguished 
from malachite by its lack of effervescence in acids. 


Occurrence. A comparatively rare copper mineral. Found 
originally as sand in the province of Atacama in Chile. Occurs with 
other copper ores in various localities in Chile and Bolivia. Found 
in some of the copper districts of Australia; occurs sparingly in the 
copper districts of Arizona. 


Use. A minor ore of copper. 


38. HYDROUS CHLORIDES, ETC 
Carnallite. 


A hydrous chloride of potassium and magnesium, KCI.MgCh. 
6H.O. Orthorhombic. Massive, granular. Crystals rare. Lus- 
ter nonmetallic, shining, greasy. Color milk-white, often reddish, 
due to included hematite. Transparent to translucent. H.= 1. 
G.= 1.6. Bitter taste. Deliquescent. Fusible at 1-1.5 with vio- 
let flame. After ignition gives an alkaline reaction on moistened 
test paper. Easily and completely soluble in water; on addition of 
nitric acid and silver nitrate gives a white precipitate of silver 
chloride. Acid solution neutralized with ammonia and sodium 
phosphate added gives a white precipitate of ammonium magnesium 
phosphate. Found associated with halite, sylvite, etc., in the salt 
deposits at Stassfurt, Prussia. Used as a source of potassium 


compounds. 
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OXIDES. 
The oxides are subdivided into three sections: (1) Oxides of 


Silicon; (2) Oxides of the Semimetals; (3) Oxides of the Metals. 


1. OXIDES OF SILICON. 
Quartz. 

Composition. Silicon dioxide, SiO. = Oxygen 53.3, silicon 
46.7. Often with various impurities. 

Crystallization. Hexagonal-rhombohedral; trapezohedral. 
Crystals commonly prismatic, with prism faces horizontally 
striated. Terminated usually by a combination of a positive 
and negative rhombohedron, which often are so equally devel- 
oped as to give the effect of a hexagonal pyramid (Fig. 245). 


Fig. 245. Fig. 246. Fig. 247. 


Sometimes one rhombohedron predominates or occurs alone 
(Fig. 246). At times the prism faces are wanting, and the com- 
bination of the two rhombohedrons gives what appears to be a 
doubly terminated hexagonal pyramid (known as a quartzoid) 
(Fig. 247). Crystals at times very much distorted, when the 
recognition of the prism faces by their horizontal striations will 
assist in the orientation of the crystal. The trapezohedral faces 
are to be occasionally observed as small truncations between a 
prism face and that of an adjoining rhombohedron either to the 
right or left, forming what are known as right- or left-handed 
erystals (Figs. 248 and 249). Crystals are often elongated in 
tapering and sharply pointed forms, due to an oscillatory com- 
bination between the faces of the different rhombohedrons and 
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those of the prism (A, Pl. VI). Sometimes twisted and bent, 
Crystals frequently twinned. The twins at times are so inti- 


Fig. 248. Right-handed Crystal. Fig. 249. Left-handed Crystal. 


mately intergrown that they can only be determined by the 
irregular position of the trapezohedral faces, by etching the 
crystal or by the pyroelectric phenomena that they show. 

Structure. Commonly in crystals. From large crystals 
usually attached at one end, to finely crystalline coatings, form- 
ing “‘drusy”’ surfaces. Also common in massive forms of great 
variety. From coarse- to fine-grained crystalline to flintlike or 
eryptocrystalline varieties. Sometimes in concretionary forms, 
mammillary, ete. As sand. 

Physical Properties. H.= 7. G.= 2.65-2.66. Vitreous lus- 
ter, sometimes greasy, splendent to nearly dull. Color widely 
various. Usually colorless or white, but frequently colored by 
various impurities, yellow, red, pink, amethyst, green, blue, 
brown, black. Transparent to opaque. Conchoidal fracture. 

Tests. Infusible. Insoluble. Yields a clear glass when the 
finely powdered mineral is fused with an equal volume of sodium 
carbonate. Usually told by its glassy luster, conchoidal fracture, 
hardness (7) and crystal form. 

Varieties. A great many different forms of quartz exist to 
which varietal names have been given. The more important 
varieties with a brief description of each follow. 


A. CRYSTALLINE VARIETIES. 


1. Rock Crystal. Colorless quartz, commonly in distinct 
crystals. 
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2. Amethyst. Quartz colored purple or violet, often crys- 
tallized. 

3. Rose Quartz. Usually massive, color a rose-red or pink. 
Often fades somewhat on exposure to light. : 

4. Smoky Quartz; Cairngorm Stone. Crystallized quartz of a 
smoky yellow to brown and almost black color. Named cairn- 
gorm from the locality of Cairngorm in Scotland. 

5. Milky Quartz. Milky white in color and nearly opaque. 
Sometimes with greasy luster. 

6. Cat’s-eye. A stone, which when cut in a round shape (en 
cabochon) exhibits an opalescent or chatoyant effect, as it is 
termed, is called a cat’s-eye. Quartz among other minerals gives 
at times this effect, which is due either to fibrous inclusions or 
to a fibrous structure of the quartz itself. The latter is seen in 
the tiger’s-eye, a yellow fibrous quartz from South Africa, which 
is pseudomorphic after another fibrous mineral, crocidolite. 

7. With Inclusions. Many other minerals occur at times as 
inclusions in quartz. Rutilated quartz has fine needles of rutile 
penetrating it. Tourmaline and other minerals are found in 
quartz inthe same way. Aventurine is quartz including brilliant 
scales of hematite or mica. Liquids and gases at times occur 
as inclusions;- both liquid and gaseous carbon dioxide exist in 
some quartz. 
7 


B. CRYPIOCRYSTALLINE VARIETIES. 


1. Chalcedony. An amorphous quartz material, translucent 
with a waxy luster. White, yellowish brown to dark-brown in 
color. Often mammillary, stalactitic, etc., in structure. De- 
posited from aqueous solutions and found lining or filling cavities 
in rocks (see Fig. B, pl. III). 

2. Carnelian. <A red chaleedony. 

3. Chrysoprase. An apple-green chalcedony. 

4, Agate. A variegated chalcedony. The different colors 
usually in delicate, fine parallel bands which are commonly 
curved, sometimes concentric (Fig. B, pl. VI). The color is 
sometimes strengthened or even changed by artificial means. 
Some agates have the different colors arranged not in bands but 


PLATE VI. 


A. Smoky Quartz, Pike’s Peak, Colorado. 


B. Agate, Oberstein, Germany. 
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irregularly distributed. Moss agate is a variety in which the 
variation in color is due to visible impurities, often manganese 
oxide. 

5. Onyx. A banded chalcedony like agate, except the hands 
are arranged in straight parallel lines. 

6. Flint. Something like chalcedony but of dull, often dark 
color. It breaks with a prominent conchoidal fracture and gives 
a sharp edge. Used for various implements by early man. 

7. Jasper. Opaque quartz, usually colored red from hematite 
inclusions. 


Occurrence. Quartz is the most common of minerals. Occurs 
as an important constituent of the acid igneous rocks, such as 
granite, rhyolite, pegmatite, ete. It is a common mineral of sedi- 
mentary rocks, forming the chief mineral in sandstone. Occurs 
largely also in metamorphic rocks, as gneisses and schists, while it 
forms practically the only mineral of quartzites. Deposited often 
from solution and forms the most common vein and gangue mineral. 
In rocks it is associated chiefly with feldspar and muscovite; in 
veins with practically the entire range of vein minerals. Often 
carries gold and becomes an important ore of that metal. Occurs 
in large amount as sand in stream beds and upon the seashore and 
as a constituent of soils. 

Rock crystal is found widely distributed, some of the more notable 
localities being: the Alps; Minas Geraes and Goyoz, Brazil; on the 
island of Madagascar; in Japan. The best quartz crystals from the 
United States are found at Hot Springs, Arkansas, and Little Falls, 
New York. Important occurrences of amethyst are located in the 
Ural Mountains and in Brazil. Found at Thunder Bay on the north 
shore of Lake Superior and in the United States in Oxford 
County, Maine; Delaware and Chester counties, Pennsylvania; 
Black Hills, South Dakota, ete. Smoky quartz is found in large and 
fine crystals in Canton Uri, Switzerland; at Pike’s Peak, Colorado; 
Alexander County, North Carolina; at Auburn, Maine, ete. The 
chief source of agates at present is a district in southern Brazil and 
northern Uruguay. They are mostly cut at Oberstein, Germany, 
itself a famous agate locality. Found in Laramie County, Wyoming, 
and numerous other places in the United States. Massive quartz, 
occurring in quartz veins or with feldspar in pegmatite veins, is 
mined for its various commercial uses in Connecticut, New York, 
Maryland, Wisconsin, etc. 

Use. Widely used in its various colored forms as ornamental 


material, as amethyst, rose quartz, cairngorm, cat’s-eye, tiger’s- 
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eye, aventurine, carnelian, agate, onyx, etc. Used for abrading 
purposes either as quartz sand or as sandpaper. Used in the 
manufacture of porcelain, of glass, as a wood filler, in paints, 
scouring soaps, etc. As sand is used in mortars and cements. 
As quartzite, sandstone, and in its various other rock forms as 
a building stone, for paving purposes, etc. Large amounts of 
quartz sand are used as an acid flux in certain smelting opera- 
tions. 


Opal. 


Composition. Silicon dioxide, like quartz, with a varying 
amount of water, SiO.nH,O. 

Crystallization. Amorphous. 

Structure. Massive; often botryoidal, stalactitic, etc. 

Physical Properties. H. = 5.5-6.5. G. = 1.9-2.3. Vitre- 
ous luster; often somewhat resinous. Colorless, white, pale 
shades of yellow, red, brown, green, gray and blue. With 
darker colors, which are due to various impurities. Often has 
a milky or “‘opalescent”’ effect and sometimes shows a fine play 
of colors. Transparent to opaque. 

Tests. Infusible. Insoluble. Reacts like quartz. Gives a 
little water upon intense ignition in C. T. 

Varieties. Precious Opal. White, milky blue, yellow. Some- 
times dark, as in so-called black opal. Translucent, with an 
internal play of colors. This phenomenon is said to be due to 
thin curved lamin which refract the light differently from the 
mass of the material, and so serve to break it up into the various 
prismatic colors. Fire opal is a variety with intense orange to 
red reflections. 

Common Opal. Milk-white, yellow, green, red, etc., without 
internal reflections. 

Hyalite. Clear and colorless opal with a globular or botry- 
oidal structure. 

Geyserite. Opal deposited by hot springs and geysers. Found 
about the geysers in the Yellowstone Park. 

Wood Opal. Fossil wood with opal as the petrifying material. 

Tripolite, or Infusorial earth. Fine-grained deposits, resem- 
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bling chalk in appearance. Formed by the accumulation of the 
siliceous shells of small sea organisms. 

Occurrence. Opal is found lining and filling cavities in igneous 
and sedimentary rocks, where it has evidently been deposited through 
the agency of hot waters. In its ordinary variety it is of widespread 
occurrence. Precious opals are found at Czernowitza, Hungary; 
in Queretaro and other states in Mexico; in Honduras; and from 
various localities in Australia, the chief district being White Cliffs, 
New South Wales. Recently black opal has been found in Idaho. 

Use. Asagem. The stones are usually cut in round shapes, 
en cabochon, and gems of one-carat size are valued up to $20. 
Stones of large size and exceptional quality are very highly 
prized. 

2. OXIDES OF THE SEMIMETALS. 


The minerals of this division are all rare in occurrence. Some 
of the more important species are, arsenolite, As.O3; senarmon- 
tite, Sb.0;; valentinite, Sb.0;; tellurite, TeO.; tungstite, WO; cer- 
vantite, Sb.0,. 


3. OXIDES OF THE METAIS. 

The oxides of the metals are grouped into two main divisions: 
A. Anhydrous Oxides; B. Hydrous Oxides. Further, the Anhy- 
drous Oxides are further subdivided into: (1) Protorides; (2) 
Sesquioxides; (3) Intermediate Oxides; (4) Dioxides. 


A. ANHYDROUS OXIDES. 
1. PROTOXIDES. 


Cuprite. Ruby Copper. Red Copper Ore. 

Composition. Cuprous oxide, Cu.O = Oxygen 11.2, copper 
88.8. 

Crystallization. Isometric. Common 
forms are cube, octahedron and dodecahedron, 
frequently in combination (Fig. 250). Some- 
times in much elongated cubic crystals, ca- 
pillary in size; known as “plush copper” or 
shalcotrichite. Fig. 250. 
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Structure. Usually massive, more rarely in crystals or capil- 
lary forms. 

Physical Properties. H.=3.5-4. G.=6. Luster adaman- 
tine in clear crystallized varieties to submetallic and earthy in 
massive varieties. Color red of various shades. Ruby-red in 
transparent crystals. Streak brownish red, Indian-red. High 
index of refraction, giving brilliant luster to transparent variety. 

Tests. Easily fusible at 3, giving emerald-green flame, or, 
if moistened with hydrochloric acid and then heated, flame is 
azure-blue. Gives globule of copper,on charcoal in R. F. 
When dissolved in small amount of concentrated hydrochloric 
acid and solution diluted with cold water gives a white precipi- 
tate of cuprous chloride (test for cuprous copper). Usually to 
be determined by its color and streak. 

Occurrence. An important ore of copper of secondary origin. 
Found in the upper, oxidized portions of copper veins, associated 
with the other secondary copper minerals, native copper, malachite, 
azurite, chrysocolla, ete. Found in the United States in connection 
with the copper deposits at Bisbee, Morenci, ete., Arizona. Found in 
small amount with the native copper from Lake Superior. An im- 
portant ore in Chile, Peru and Bolivia. Fine crystals come from 
Bisbee, Arizona; Cornwall, England; Chessy, France; the Urals. 

Name. Derived from the Latin, cuprum, copper. 

Use. Ore of copper. 


‘ Zincite. 

Composition. Zinc oxide, ZnO = Oxygen 19.7, zine 80.3. 
Manganese protoxide often present. 

Crystallization. Hexagonal; hemimorphic. Terminated 
above by faces of a steep pyramid and below with a basal 
plane. Sometimes shows short prism. 

Structure. Usually massive with platy or granular structure. 

Physical Properties. Perfect basal cleavage. H.= 4—-4.5. 
G. = 5.5. Luster subadamantine. Color deep red to orange- 
yellow. Streak orange-yellow. Translucent to almost opaque. 

Tests. Infusible. Soluble in hydrochloric acid. When the 
finely powdered mineral is mixed with sodium carbonate and 
charcoal dust and intensely heated B..B., gives a nonvolatile 
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coating of zinc oxide, yellow when hot, white when cold. Usually 
with borax bead in O. F. gives a reddish violet color (manganese). 
Told chiefly by its color and streak. 


Occurrence. Found in the zinc deposits at Franklin Furnace, 
New Jersey, associated with franklinite and willemite, often in an 
intimate mixture. Sometimes embedded in pink calcite. 


Use. An ore of zinc, particularly used for the production of 
zine white (zinc oxide). 

In this division also belong water, ice, HO, which is hexagonal 
in crystallization, and tenorite or melaconite, CuO. 


2. SESQUIOXIDES. 

HEMATITE GROUP. 
The Hematite Group includes the closely related rhombohe- 
dral minerals, corundum, Al,O;, hematite, Fe:Os, and ilmenite 


(Fe,Ti):0.. 
Corundum. 


Composition. Aluminium oxide, Al,O; = Oxygen 47.1, alu- 


minium 52.9. 
Crystallization. Hexagonal-rhombohedral. Crystals usually 


prismatic in habit or tapering hexagonal pyramids (Figs. 251 and 


Fig. 251, Fig. 252. Fig. 253. 


252). Often rounded into barrel shapes (Fig. 253). Frequently 
with deep horizontal striations. At times shows rhombohedral 
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Structure. Rudely crystallized or massive with parting planes 
nearly cubic in angle; coarse or fine granular. 

Physical Properties. Parting basal and rhombohedral, the 
latter giving nearly cubic blocks. H.= 9 (next to the diamond 
in hardness). G.= 3.95-4.1 (unusually high for a nonmetallic 
mineral). Adamantine to vitreous luster. Color various. Usu- 
ally some shade of brown, pink or blue. May be white, gray, 
green, ruby-red or sapphire-blue. Transparent to opaque. 

Tests. Infusible. Insoluble. Finely pulverized material 
moistened with cobalt nitrate and intensely ignited assumes a 
blue color (aluminium). Characterized chiefly by its great 
hardness, adamantine luster and high specific gravity. 

Varieties. Ordinary Corundum. In translucent to opaque 
masses, showing often the nearly cubical parting; also granular 
to compact. 

Gem Corundum. When transparent and finely colored, corun- 
dum furnishes various gem stones. The ruby is deep red corun- 
dum; sapphire is blue corundum. Stones of other colors are 
sometimes spoken of as yellow, violet, etc., sapphires or are 
designated by prefixing the word oriental to the name of some 
other mineral similar in color; thus, oriental topaz is a brownish 
yellow corundum; oriental amethyst, a reddish violet corundum, 
etc. 

Emery. Is a fine-grained corundum mixed with other min- 
erals, chiefly magnetite. 


Occurrence. Common in the metamorphic rocks, such as crys- 
talline limestone, mica-schist, gneiss, ete. Found also as an original 
constituent of certain igneous rocks, usually those deficient in silica. 
Found sometimes in large masses, evidently the product of magmatic 
differentiation. Found frequently in crystals and rolled pebbles in 
detrital soil and stream sands, where it has been preserved through 
its hardness, Associated minerals are commonly chlorite micas, 
chrysolite, serpentine, magnetite, spinel, cyanite, diaspore, ete. 

Rubies are found chiefly in Burmah, Siam and Ceylon. The 
most important locality in Burmah is near Mogok, 90 miles north 
of Mandalay. The stones are found here chiefly in the soil resulting 
from the decay of a metamorphosed limestone. They have also 
been found zn situ in the limestone. The rubies of Siam are found 
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derived from the decomposition of a basalt. The rubies of Ceylon 
are found with other gem stones in the stream gravels. A few 
rubies have been found in the gravels and in connection with the 
larger corundum deposits of North Carolina. 

Sapphires are found associated with the rubies of Siam and Cey- 
lon. They occur also at Banskar in Cashmere, India. In the 
United States small sapphires of fine color are found in various lo- 
cealities in Montana. They were first found in the river sands east 
of Helena when washing them for gold. They have since been 
found embedded in the rock of lamprophyre dikes. The rock is 
quarried and after exposure to the air for a time it gradually de- 
composes, setting the sapphires free. Sapphires are also found 
over an extensive area in central Queensland, Australia. 

Massive corundum is found in the United States in various locali- 
ties along the eastern edge of the Appalachian Mountains from North 
Carolina south. It has been extensively mined in southwestern 
North Carolina. It occurs here in large masses lying at the edges 
of intruded masses of a chrysolite rock (dunite) and is thought to 
have been a separation from the original magma. Found as an 
original constituent of a nepheline syenite in the Province of Ontario, 
Canada. At times the corundum is so abundant as to form more 
than 10 per cent of the rock mass. 

The impure corundum, known as emery, is found in large quanti- 
ties on Cape Emeri on the island of Naxos and in various localities 
in Asia Minor. In the United States emery has been extensively 
mined at Chester, Massachusetts. 


Artificial. Artificial corundum is now being made in the elec- 
trical furnaces at Niagara. Small synthetic rubies and sapphires, 
colored with minute amounts of chromium, have been success- 
fully made. Also small grains of the natural stone have been 
fused together into larger masses, from which stones of two or 
three carats in size can be cut. These are known as recon- 


structed rubies and sapphires. 
Use. As a gem stone. The ruby at times yields the most 


- valuable of gems; a stone of the deep red known as “pigeon’s 


blood” may bring $1500 to $2000 a carat. The blue sapphire is 
less valuable, ranging at times, however, as high as $125 a carat. 
Corundum stones of various other color are valued up to $30 
a carat. 
Used also as an abrasive, either ground from the pure massive 
material, or in its impure form as emery. Artificial corundum 
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and carborundum, which in composition is a carbide of silicon, 
are now manufactured on a large scale in electric furnaces and 
are being used in considerable amount as abrasives instead of 
the naturally occurring corundum. 


Hematite. 


Composition. Iron sesquioxide, Fe.0; = Oxygen 30, iron 70. 
Sometimes with titanium and magnesium, passing into ilmenite. 
Crystallization. Hexagonal-rhombohedral. Crystals usually 
thick to thin tabular. Basal planes prominent, often showing 


Fig. 254, Fig. 255. 


triangular markings (Figs. 254 and 255). Edges of plates some- 
times beveled with rhombohedral and pyramidal forms (Fig. 


Fig. 256. Fig. 257. 


256). Thin plates at times grouped in rosette forms (iron roses) 
(Fig. 257). More rarely crystals are distinctly rhombohedral, 
often with nearly cubic angles. 

Structure. Usually earthy or in botryoidal to reniform shapes 
with radiating structure. At times micaceous; crystallized. 

Physical Properties. Rhombohedral parting with nearly cubic 
angles. H.=5.5-6.5. G.=4.8-5.3. Metallic luster. Color 
reddish brown to black. Streak light to dark Indian-red. 

Tests. Infusible. Becomes strongly magnetic on heating in 
R. F. Slowly soluble in hydrochloric acid; solution with potas- 
sium ferroeyanide gives dark blue precipitate (test for ferric 
iron). Told chiefly by its characteristic Indian-red streak. 
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Varieties. Specular Hematite. Black hematite with brilliant 
splendent luster (whence name, specular, mirrorlike), in crystals 
or in foliated masses with micaceous structure. 

Columnar to Reniform Hematite, Kidney Ore. Brownish black 
color, in columnar to reniform shapes with radiating structure, 
having fibrous appearance (A, pl. III). 

Oolitic and Fossil Ore. Impure hematite in small globular or 
lenticular concretions. At times with fossils. 

Earthy Hematite. In pulverulent, earthy form of various 
shades of reddish brown. Often somewhat hydrated and pass- 
ing into limonite. 

Occurrence. Hematite is a widely distributed mineral in rocks 
of all ages and forms the most abundant ore of iron. Occurs as an 
accessory mineral in feldspathic igneous rocks, such as granite. 
Found from microscopic scales to enormous masses in connection 
with metamorphic rocks. It is found in red sandstones as the 
cementing material that binds the quartz grains together. 

The crystallized variety is found at many places, more particu- 
larly from the island of Elba; St. Gothard, Switzerland, in “‘iron 
roses”’; in the lavas of Vesuvius; at Cleator Moor, Cumberland, etc. 
In the United States the columnar and earthy varieties are found 
in enormous beds that furnish a large proportion of the iron ore of 
the world. The chief iron-ore districts of the United States are 
grouped around the southern and northwestern shores of Lake 
Superior in Michigan, Wisconsin and Minnesota. The chief dis- 
tricts, which are spoken of as iron-ore ranges, are, from east to west, 
the Marquette Range in northern Michigan; the Menominee Range 
in Michigan to the southwest of the Marquette; the Penokee- 
Gogebic Range in northern Wisconsin; the Mesabi Range, north 
of Duluth in Minnesota; and the Vermillion Range farther north 
in Minnesota, near the Canadian boundary. The iron ore of these 
different ranges varies from the hard black micaceous specular ~ 
variety to the soft red earthy type. All of the ore bodies lie in rock 
troughs which furnish impervious underlying basements to the 
deposits. In all of the districts, except the Mesabi, these under- 
lying rocks are in the nature of altered igneous dikes, known as 
soapstone dikes. The ore bodies lie in more or less broken quartz 
material, frequently colored red by inclusions of hematite and called 
jasper. The origin of these deposits is attributed to the slow con- 
centration of the iron content of a siliceous carbonate rock by down- 
ward moving waters. These waters were at last collected in the 
impervious rock troughs and there deposited their iron content by 
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a replacement of the quartz of the overlying rock. The ores are 
mined in part by underground methods, and in part, where the ore is 
soft and lies sufficiently near the surface, by the use of steam shovels. 

Hematite is also found in the United States in various places in 
connection with the outcrop of rocks of the Clinton formation, from 
central New York south along the line of the Appalachian Moun- 
tains to central Alabama. The most important deposits of the 
series lie in eastern Tennessee and northern Alabama, near Birming- 
ham. Hematite has been found at Iron Mountain and Pilot Knob 
in southeastern Missouri. Deposits of considerable importance are 
located in Wyoming, in Laramie and Carbon counties. 


Name. Derived from a Greek word meaning blood, in allusion 
to the color of the powdered mineral. 


Ilmenite. Menaccanite. Titanic Iron Ore. 


Composition. Ferrous titanate, FeTiO; = Oxygen 31.6, tita- 
nium 31.6, iron 36.8. By the introduction of ferric oxide, the 
ratio between.the titanium and iron often varies widely. Some- 
times contains magnesium replacing the ferrous iron. 

Crystallization. | Hexagonal-rhombohedral; tri-rhombohe- 
dral. Crystals usually thick tabular with prominent basal planes 
and small rhombohedral truncations. Faces of the third order 
rhombohedron rare. Crystal angles, etc., close to those for 
hematite. 

Structure. Usually massive, compact; also in grains or as 
sand. Often in thin plates. 

Physical ‘Properties. H.=5.5-6. G.=4.7. Metallic to 
submetallic luster. Color iron-black. Streak black to brownish 
red. Sometimes magnetic without heating. 

Tests. Infusible. May be magnetic without heating. Fine 
powder fused in R. F. with sodium carbonate yields a magnetic 
mass. After fusion with sodium carbonate the fusion can be 
dissolved in hydrochloric acid, and when the solution is boiled 
with tin it assumes a violet color (titanium). 


Occurrence. Occurs as beds and lenticular bodies enveloped in 
gneiss and other crystalline metamorphic rocks. Often associated 
with magnetite. Also as an accessory mineral in eruptive rocks. 
Found in large quantities at Krageré and other localities in Norway; 
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at Miask in the Ilmen Mountains; at Bay St. Paul in Quebec, 


_ Canada. Found at Washington, Connecticut; in Orange County, 


_ New York, ete. 


Use. Has practically no commercial use. A little of it pres- 
ent in a body of magnetite iron ore makes the ore so difficult to 
smelt as to render it of little value. 


3. INTERMEDIATE OXIDES. 
SPINEL GROUP. 


A group of oxides which in composition are combinations of a 
bivalent oxide with a trivalent oxide, the general formula being, 
R”0.R,’"0;.. R”O may be MgO, ZnO, FeO, MnO, while R,’’’0; 
may be Al,O;, Fe.O;, Mn.O:, Cr.O;. The chief members of the 
group are as follows: 

Spinel, Mg O.Al1,0; or MgAl,0,. 
’ Gahnite, ZnO.Al,O; or ZnAl,O,. 
Magnetite, FeO.Fe.0; or FeFe,0,. 
Franklinite, (Fe,Mn,Zn)O.(Fe,Mn).0; 
or (Fe,Mn,Zn)(Fe,Mn),0,. 
Chromite, (Fe,Mg)O.Cr,0; or (Fe,Mg)Cr.0,. 


The crystalline habit of all the members of the group is octa- 
hedral. The dodecahedron is sometimes present, but other forms 
are rare. , 

Spinel. 


Composition. MgAl.0, or MgO.Al,0;=Alumina 71.8, mag- 
nesia 28.2. The magnesium may be, 
in part, replaced by ferrous iron or 
manganese and the aluminium by 
ferric iron and chromium. 

Crystallization. Isometric. Habit 
strongly octahedral (Fig. 258). Some- 
times in twinned octahedrons (spinel 
twins) (Fig. 259). Dodecahedron at 
times as small truncations (Fig. 260). 


Fig. 258. 
Other forms rare. = 
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Structure. Usually crystallized. ' 

Physical Properties. H.= 8. G.=3.5-4.1. Nonmetallic. 
Vitreous luster. . Color various, —red, lavender, blue, green, 
brown, black, sometimes almost white. Streak white. Usually 
translucent to opaque, at times clear and transparent. 


Fig. 259, Fig. 260. 


Tests. Infusible. The finely powdered mineral dissolves 
completely B. B. in the salt of phosphorus bead (proving the 
absence of silica). Recognized chiefly by its hardness (8), its 
octahedral crystals and vitreous luster. 

Varieties. 1. Ruby Spinel. Nearly pure magnesian spinel. 
Clear red; transparent to translucent. When rose-red known 
as balas ruby; yellow or orange-red, rubicelle; violet-red, alman- 
dine ruby. 

2. Pleonaste. Iron-magnesia spinel. Color dark green, brown 
to black. Opaque or nearly so. 

3. Chlorospinel. Magnesia-iron spinel. Color grass-green ow- 
ing to the presence of copper. 

4. Picotite, or Chrome Spinel. Contains chromium and has 
iron replacing magnesium. Color yellowish or greenish brown. 
Translucent to opaque, 


Occurrence. A common metamorphic mineral occurring em- 
bedded in granular limestone, associated with calcite, serpentine, 
etc. Occurs also as an accessory mineral in many basie igneous 
rocks, as peridotites, etc. Found frequently as rolled pebbles in 
stream saids, where it has been preserved on account of its hard- 
ness, The ruby spinels are found in this way, often associated with 


MAGNETITE 189 


the corundum ruby, in the sands of Ceylon, Siam, Upper Burmah, 
Australia and Brazil. Ordinary spinel is found in various localities 
in New York, New Jersey and Massachusetts. 


Use. When transparent and finely colored is used as a gem. 
Usually red in color and known as the spinel ruby, balas ruby, 
etc. Some stones are blue in color. The largest cut stone 
known weighs in the neighborhood of 80 carats. The stones 
usually are comparatively inexpensive, although a stone of excep- 
tionally fine color may bring as high as $100 per carat. 


Gahnite. 


A zine spinel, ZnAl,O, or ZnO.Al,0;, with ferrous iron and man- 
ganese isomorphous with the zinc and ferric iron with the aluminium. 
_ Isometric. Commonly octahedral, also rarely showing dodecahe- 

drons and cubes. H.=7.5-8. G.=4.55. Vitreous luster. Dark 
green color. Infusible. The fine powder fused with sodium car- 
bonate on charcoal gives a white nonvolatile coating of zinc oxide. 
A rare mineral. Found in the United States in notable crystals at 
Franklin, New Jersey, and Rowe, Massachusetts. 


Magnetite. 


Composition. Fe;0, or FeO.Fe,0; = Iron sesquioxide 69.0, 
iron protoxide 31.0 or oxygen 27.6, iron 72.4. The ferrous iron 
is sometimes replaced by magnesium, 
rarely nickel; also at times titaniferous. 

Crystallization. Isometric. Octa- 
hedral habit (Fig. 261), sometimes 
twinned octahedrons. Dodecahedron 
at times (Fig. 262) either alone or with 
octahedron(Fig. 263). Other forms rare. 

Structure. Usually granular mas- 
sive, coarse or fine; sometimes as sand; 
also frequently crystallized. 

Physical Properties. Often under pressure develops octahe- 
dral parting. H.=6. G.=5.18. Metallic luster. Color iron- 
black. Streak black. Strongly magnetic; sometimes a natural 
magnet, known as lodestone. 


Fig. 261. 


190 MANUAL OF MINERALOGY 


Tests. Infusible. Slowly soluble in HCl and solution re- 
acts for both ferrous and ferric iron. Distinguished chiefly by its 
strong magnetism, its black color and streak, and its hardness (6) ; 


Fig. 262. Fig. 263. 


Occurrence. A commonoreof iron. It is found as an accessory 
mineral in rocks of all classes and sometimes becomes their chief 
constituent. Most commonly associated with crystalline meta- 
morphic rocks, also frequently in rocks that are rich in ferromagne- 
sium minerals, such as diabase, gabbro, peridotite. In many cases 
forms large ore bodies that are thought to be the result of magmatic 
differentiation; such bodies are often highly titaniferous. Occurs 
at times in immense beds and lenses, inclosed in old metamorphic 
rocks. Found in the black sands of the seashore. Occurs as thin 
plates and dendritic growths between plates of mica. Often inti- 
mately associated with corundum, forming the material known as 
emery. 

In the United States, found in large beds with the Archwan rocks 
of the Adirondacks in Warren, Essex and Clinton counties of north- 
ern New York; in various places in New Jersey; at Cornwall, 
Pennsylvania. Important foreign localities are in Norway and 
Sweden, where it is the chief iron ore. Natural magnets or lode- 
stones are found in Siberia; in the Harz Mountains, Germany; 
at Magnet Cove, Arkansas. 


Name. Probably derived from the locality Magnesia, border- 
ing on Macedonia. A fable, told by Pliny, ascribes its name to 
a shepherd named Magnes, who first discovered the mineral on 
Mount Ida by noting that the nails of his shoes and the iron 
ferrule of his staff adhered to the ground. 

Use. An important iron ore. 


CHROMITE auk 


Franklinite. 

Composition. (Fe,Zn,Mn)O.(Fe,Mn).0;. Shows wide vari- 
ation in the proportions of the different elements present, but con- 
forms to the general formula, RO.R.O3. 

Crystallization. Isometric. Habit strongly octahedral. Do- 
decahedron sometimes as truncations. Other forms rare. Crys- 
tals often rounded. 

Structure. Massive, coarse or fine granular, in rounded grains 
or crystallized. 

Physical Properties. H.=6. G.=5.15. Metallic luster. 
Color iron-black. Streak dark brown. Not magnetic. 

Tests. Infusible. Becomes strongly magnetic on heating in 
R. F. Gives a bluish green color to sodium carbonate bead in 
O. F. (manganese). When very fine powder is mixed with sodium 
carbonate and heated intensely on charcoal gives a coating of 
zine oxide. Distinguished by above tests and its black color 
and brown streak. 

Occurrence. Found practically only in the zinc deposits at Frank- 
lin Furnace, New Jersey, which are in the form of large beds, in- 
closed in granular limestone. Associated chiefly with zincite and 
willemite, with which it is often intimately intergrown. 

Use. Asanoreof zinc and manganese. The zinc is converted 
into zinc white and the residue is smelted to form an alloy of 
iron and manganese, spiegeleisen, which is used in the manu- 
facture of steel. 


Chromite. 


Composition. FeCr.0, or FeO.Cr.0; = Chromium sesqui- 
oxide 68.0, iron protoxide 32.0. The iron may be replaced by 
magnesium and the chromium by aluminium and ferric iron. 

Crystallization. Isometric. Habit octahedral. Crystals small 
and rare. 

Structure. Commonly massive, granular to compact. 

Physical Properties. H.=5.5. G.= 4.6. Metallic to sub- 
metallic luster. Color iron-black to brownish black. Streak 


dark brown. 
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Tests. Infusible. When finely powdered and fused on char- 
coal with sodium carbonate gives a magnetic residue. Imparts 
a green color to the borax and salt of phosphorus beads (chro- . 
mium). 


Occurrence. A common constituent of peridotite rocks and the 
serpentines derived from them. One of the first minerals to separate 
from a cooling rock magma, and its large ore deposits are thought to 
have been derived by such magmatic differentiation. Associated 
with chrysolite, serpentine, corundum, etc. 

Found only sparingly in the United States. Pennsylvania, Mary- 
land, North Carolina and Wyoming have produced it in the past. 
California is the only producing state at present (1910). The 
important countries for its production are New Caledonia, Greece 
and Canada. 


Uses. Chromiuia is used with various other metals to give 
hardness to steel. Chromite bricks are used to a considerable 
extent as linings for metallurgical furnaces, on account of their 
neutral and refractory character. The bricks are usually made 
of crude chromite and coal tar but sometimes of chromite with 
kaolin, bauxite, milk of lime or with other materials. Chromium 
is a constituent of certain green, yellow, orange and red pigments 
and of similarly colored dyes. 


Chrysoberyl. 


Composition. Beryllium aluminate, BeAl,O,= Alumina 80.2, 
beryllium oxide 19.8. 

Crystallization. Orthorhombic. Crystals usually tabular par- 
allel to macropinacoid, which face is vertically striated. Com- 
monly twinned, often in pseudohexagonal forms. 

Structure. Usually in crystals. 

Physical Properties. Prismatic cleavage. H.= 8.5 (un- 
usually high). G.= 3.65-3.8. Vitreous luster. Color various 
shades of green, brown, yellow, sometimes red by transmitted 
light. 

Tests. Infusible. Insoluble. The finely powdered mineral 
is wholly soluite m the salt of phosphorus bead (absence of silica). 
Mineral, moistened with cobalt nitrate and ignited, turns blue 
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(aluminium). Characterized by its extreme hardness, its yel- 
lowish to emerald-green color and its twin crystals. 

Varieties. 1. Ordinary. Color pale green, yellow; some- 
times transparent. 

2. Alexandrite. Emerald-green variety, but red by trans- 
mitted light and generally also by artificial light. 

3. Cat’s-eye, or Cymophane. A variety which when polished 
shows an opalescent luster, and across whose surface plays a 
long narrow beam of light, changing its position with every 
movement of the stone. This effect is known as chatoyancy, 
and is best obtained when the stone is cut in an oval or round 
form (en cabochon). This property of the mineral is thought 
to be due to numerous minute tubelike cavities, arranged in a 
parallel position. Chrysoberyl] is the true cat’s-eye, and is not 
to be confused with various other minerals possessing similar 
properties (e.g., quartz). 

Occurrence. A rare mineral. Found in the alluvial gem deposits 
of Brazil and Ceylon; the alexandrite variety comes from the Ural 
Mountains. In the United States it has been found at Norway and 
Stoneham, Maine; Haddam, Connecticut; and in North Carolina, 

Name. Chrysoberyl means golden beryl. Cymophane is de- 
rived from two Greek words meaning wave and to appear, in 
allusion to the chatoyant effect of some of the stones. Alexan- 
drite was named in honor of Alexander II of Russia. 

Use. Serves as a gem stone. The ordinary yellowish green 
stones are valued up to $5 a carat. Alexandrite brings as high 
as $60 for a one-carat stone. A one-carat cat’s-eye may have a 
value up to $50. 

Two rare manganese minerals belong in the section of Inter- 
mediate Oxides: hausmannite, MnO.Mn,0;, and braunite, 3Mn.0s. 
MnSiO;. 


4, DIOXIDES. 


Cassiterite. Tin Stone. 


Composition. Tin dioxide, SnO, = Oxygen 21.4, tin 78.6. 
Crystallization. Tetragonal. Common forms are prisms and 
pyramids of first and second orders (Fig. 264). Frequently in 
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elbow-shaped twins; twinning plane being a pyramid of the 
second order (Fig. 265). 


Fig. 264. Fig. 265. 


Structure. Usually massive granular; often in reniform 
shapes with radiating fibrous-like structure (wood tin); crystal- 
lized. 

Physical Properties. H. = 6-7. G.=6.8-7.1 (unusually 
high for a mineral with nonmetallic luster). Nonmetallic, ada- 
mantine luster to submetallic and dull. Color usually brown or 
black; rarely yellow or white. Streak white. 

Tests. Infusible. Gives globule of tin with coating of white 
tin oxide when finely powdered mineral is fused on charcoal with 
a mixture of sodium carbonate and charcoal powder. Insoluble. 
Recognized by its high specific gravity, its color and light streak. 


Occurrence. Cassiterite is widely distributed in small amounts 
but is only produced on a commercial scale in a few localities. Cas- 
siterite has been noted as an original constituent of igneous rocks, 
but it is more commonly to be found in veins associated with quartz. 
As arule tin-bearing veins are found in or near pegmatites or granitic 
rocks. Tin veins usually have minerals which contain fluorine and 
boron, such as tourmaline, topaz, fluorite, apatite, etc., and the min- 
erals of the wall rocks are commonly much altered. It is thought, 
therefore, that the tin veins have been formed through the agency 

“of vapors which carried tin with boron and fluorine. Cassiterite is 
at times a minor constituent of pegmatite veins. Also it is found 
in the form of rolled pebbles in placer deposits. 

Cassiterite is not found in large quantities in the United States, 
the only productive locality at present being on the Seward Penin- 
sula, Alaska. Found also in the pegmatites of North and South 
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Carolina; in the Black Hills, South Dakota; near El Paso, Texas. 
The world’s supply of tin ore comes from Tasmania, from New . 
South Wales, Queensland and other states of Australia, from Bolivia 
and from the Malay States. Cornwall, England, has produced large 
amounts of tin ore in the past. 


Use. Only ore of tin. Chief use of tin is in coating or “tin- 
ning” metals, particularly iron, to form what is known as sheet 
tin. Tin is also used in various alloys: solder, containing tin 
and lead; bell-metal and bronze, containing copper and tin. 


Rutile. 


Composition. Titanium dioxide, TiO, =Oxygen 40, titanium 
60. A little iron is usually present and may amount to 10 per 
cent. 

Crystallization. Tetragonal. Usually prismatic with pyra- 
mid terminations (Fig. 266). Vertically striated. Frequently 


Fig. 266. Fig. 267. Fig. 268. 


in elbow twins, often repeated (Figs. 267 and 268). Twinning 
plane is pyramid of second order. Crystals sometimes slender 
acicular. 

Structure. Usually crystallized. Sometimes compact mas- 
sive. 

Physical Properties. H.= 6-6.5. G.=4.18-4.25. Luster 
adamantine to submetallic. Color red, reddish brown to black. 


Usually nearly opaque, may be transparent. 
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Tests. Infusible. Insoluble. Fused with sodium carbonate, 
then fused mass dissolved in hydrochloric acid and boiled with 
tin, the solution assumes a violet color. : 


Occurrence. Rutile is found in granite, gneiss, mica schist, meta- 
morphic limestone and dolomite, sometimes as an accessory mineral 
in the rock, sometimes in quartz veins traversing it. Often occurs 
as slender crystals penetrating quartz. Remarkable crystals come 
from Graves Mountain, Lincoln County, Georgia. Also found in 
Alexander County, North Carolina, in Randolph County, Alabama, 
and at Magnet Cove, Arkansas. Has been mined near Roseland, 
Nelson County, Virginia. Notable European localities are Krageré, 
Norway; Yrieux, near Limoges, France; in the Ural Mountains. 


Use. Source of titanium. Titanium is used to a small extent 
in steel and cast iron; for electrodes in arc lights; to give a yel- 
low color to porcelain and false teeth. 


Octahedrite. Anatase. 


Titanium dioxide, TiOs, same as rutile and brookite. Tetragonal. 
Usually in pyramidal crystals, also tabular parallel to base. H.= 
5.5-6. G. = 3.8-3.95. Adamantine luster. Color yellow, brown, 
blue, black, transparent to opaque. Tests same as for rutile (which 
see). A comparatively rare mineral, found usually as an accessory 
mineral in metamorphic rocks. 


Brookite. 


Titanium dioxide, TiO», like rutile and octahedrite. Orthorhom- 
bic. Habit varied. Tabular parallel to macropinacoid, square 
prismatic and at times by an equal development of 4 prism and 8 
pyramid faces resembles a hexagonal pyramid. Occurs only in erys- 
tals. H.=6. G.= 44.07. Luster adamantine to submetallic. 

Color hair-brown to black. Translucent to opaque. Tests, same 
as for rutile. A rare mineral, occurring with one of the other forms 
of titanium dioxide, rutile or octahedrite. Occurs in good crystals 
at St. Gothard, Switzerland; in the Tyrol; Trenadoc, Wales; Ellen- 
ville, New York; Magnet Cove, Arkansas. 


Pyrolusite. 


Composition. Manganese dioxide, MnO... Commonly con- 
tains a little water. 

Crystallization. Crystals probably always pseudomorphous 
after manganite. 


PYROLUSITE oe 


Structure. Radiating columnar to fibrous (Fig. A, pl. VII); 
also granular massive; often in reniform coats. 

Physical Properties. H.= 2~2.5 (often soiling the fingers). 
G. = 4.75. Metallic luster. Iron-black color and streak. Splin- 
tery fracture. 

Tests. Infusible. A small amount of powdered mineral 
gives in O. F. a reddish violet bead with borax or a bluish green 
opaque bead with sodium carbonate. Gives oxygen in C. T., 
which will cause a splinter of charcoal to ignite when placed in 
tube above the mineral and heated. Only a small amount of 
water in C. T. In hydrochloric acid, chlorine gas evolved. 


Occurrence. A secondary mineral. Manganese is dissolved out 
of the crystalline rocks, in which it is almost always present in small 
amounts, and redeposited under various conditions, chiefly as pyro- 
lusite. Dendritic coatings of pyrolusite are frequently observed 
on rock surfaces, coating pebbles, etc. Nodular deposits of pyro- 
lusite are found on the sea bottom. Nests and beds of manganese 
ores are found inclosed in residual clays, derived from the decay 
of manganiferous limestones. As the rock has weathered and its 
soluble constituents been taken away, the manganese content has 
been concentrated in nodules and masses composed chiefly of 
pyrolusite. Also found in veins with quartz and various metallic 


minerals. 

Mined in Thuringia, Moravia, Transylvania, Bohemia, West- 
phalia, Australia, Japan, India, New Brunswick, Nova Scotia. In 
the United States, manganese ores are found in Virginia, Georgia, 
Arkansas and California. 

Name. Pyrolusite is derived from two Greek words meaning 
fire and to wash, because it is used to free glass through its oxidiz- 
ing effect of the colors due to iron. 

Uses. Most important manganese ore. Manganese is used 
in the manufacture of the alloys with iron, spiegeleisen and ferro- 
manganese, employed in making steel; also in various alloys 
with copper, zinc, aluminium, tin, lead, ete. Pyrolusite is used 
as an oxidizer in the manufacture of chlorine, bromine and oxy- 
gen; as a disinfectant in potassium permanganate; as a drier 
in paints, a decolorizer of glass, and in electric cells and bat- 
teries. Manganese is also used as a coloring material in bricks, 


pottery, glass, etc. 
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Polianite, MnO,, is a rare mineral, occurring in minute tet- 
ragonal crystals. 


B. HYDROUS OXIDES. 
Turgite. Hydrohematite. 


Composition is Fe<O;(OH): or 2Fe.0s.1H:0. Compare limonite 
and goethite. Reniform and stalactitic, with radiating fibrous 
structure. Sometimes earthy. H.=5.5-6. G.=4.14. Subme- 
tallic luster. Color black to reddish black. Streak Indian-red. 
Difficultly fusible at 5-5.5. Strongly magnetic after heating in R. F. 
In C. T. gives 5 per cent of water and generally decrepitates. Dis- 
tinguished from limonite by red streak and from hematite by giving 
water in C.T. Found usually associated with limonite. Occurred 
in considerable amount at Salisbury, Conn., where it often formed 
an outer layer an inch or more in thickness on the masses of limonite. 


Diaspore. 


Composition. AlO(OH) or Al,O;.H,O = Alumina 85, water 15. 

Crystallization. Orthorhombic. Usually in thin crystals, 
tabular parallel to the brachypinacoid. 

Structure. Bladed; foliated massive. 

Physical Properties. Perfect cleavage parallel to brachy- 
pinacoid. H.=6.5-7. G.= 3.35-3.45. Vitreous luster except 
on cleavage face, where it is pearly. Color white, gray, yellowish, 
greenish. 

Tests. Infusible. Insoluble. Fine powder wholly soluble 
in salt of phosphorus bead (absence of silica). Ignited with 
cobalt nitrate turns blue (aluminium). Gives water in C, T. 
Characterized by its good cleavage, scaly structure and its 
hardness (6.5-7). 


Occurrence. Usually a decomposition product of corundum and 
found associated with that mineral in dolomite, chlorite-schist, ete. 
Found in the Urals; at Schemnitz, Hungary; Campolongo in Swit- 
zerland. In the United States in Chester County, Pennsylvania; 
at Chester, Massachusetts; near Franklin, North Carolina, ete. 


Name. Derived from a Greek word meaning to scatter, in 
allusion to its decrepitation when heated. 


PLATE VII. 


A. Pyrolusite, Negaunee, Michigan. 


B. Manganite, Ilefeld, Harz Mts. 
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Goethite. 


Composition. FeO(OH) or Fe,0;.H,0 = Oxygen 26, iron 
62.9, water 10.1. 

Crystallization. Orthorhombic. Prismatic, vertically stri- 
ated. Often flattened parallel to brachypinacoid. In acicular 
crystals at times. 

Structure. Massive, reniform, stalactitic, with radiating 
fibrous structure. Foliated. Rarely in distinct crystals. 

Physical Properties. Perfect cleavage parallel to brachy- 
pinacoid. H.= 4.37. G.=5-5.5. Adamantine to dull luster. 
Silky luster in certain fine scaly or fibrous varieties. Color 
yellowish brown to dark brown. Streak yellowish brown (same 
as for limonite). 

Tests. Difficultly fusible (5-5.5).. Becomes magnetic in R. F. 
Water in C. T. Told chiefly by the color of its streak and dis- 
tinguished from limonite by its tendency to crystallize and the 
smaller amount of water which it contains. 

Occurrence. Occurs with the other oxides of iron, hematite and 
limonite. Found at Eisenfeld in Nassau; near Bristol, England; 
at Lostwithiel, Cornwall. In the United States in connection with 
the Lake Superior hematite deposits, particularly at Negaunee, 
Michigan. 


Use. A minor ore of iron. 


Manganite. 


Composition. MnO(OH) or Mn,0;.H,O = Oxygen 27.3, 
manganese 62.4, water 10.3. 

Crystallization. Orthorhombic. Crystals usually long pris- 
matic with obtuse terminations, deeply striated vertically (Fig. B, 
pl. VII). Often twinned. 

Structure. Usually in radiating masses; crystals often grouped 
in bundles. Also columnar. 

Physical Properties. Perfect cleavage parallel to brachy- 
pinacoid. H.=4. G.=4.3. Metallic luster. Steel-gray to 
iron-black color. Dark brown streak. 
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Tests. Infusible. A small amount of the powdered mineral 
gives in O. F. a reddish violet bead with borax or a bluish green 
opaque bead with sodium carbonate. Much water when heated - 
inC.T. Told chiefly by its black color, prismatic crystals, hard- 
ness (4) and brown streak. The last two will serve to distinguish 
it from pyrolusite. 

Occurrence. Found in connection with pyrolusite and other man- 
ganese minerals and with iron oxides. Occurs at Ilefeld, Harz 


Mountains, in fine crystals; also at Imenau, Thuringia; Cornwall, 
England; Negaunee, Michigan, ete. 


Use. A minor ore of manganese. 


Limonite. Brown Hematite. Bog-iron Ore. 


Composition. ['e,0;(OH),. or 2Fe.0;.3H,0 = Oxygen 25.7, 
iron 59.8, water 14.5. Often impure. Compare turgite and 
goethite. 

Crystallization. Noncrystalline. 

Structure. In mammillary to stalactitic forms with radiat- 
ing fibrous structure (Fig. B, pl. II); also concretionary; some- 
times earthy. 

Physical Properties. H.= 5-5.5. G.= 3.64. Submetallic 


luster.. Color dark brown to nearly black. Streak yellowish 
brown. 


Tests. Difficultly fusible (5-5.5). Strongly magnetic after 
heating in R. F. Much water in C. T. (15 per cent). Charac- 
terized chiefly by its structure and yellow-brown streak. 


Occurrence. Limonite is a common ore of iron and is always 
secondary in its origin, formed through the alteration or solution 
of previously existing iron minerals. Pyrite is often found altered 
to limonite, the crystal form being at times preserved, giving limonite 
pseudomorphs. Sulphide veins are often capped near the surface, 
where oxidation has taken place, by a mass of cellular limonite, 
which is known as gossan, or an iron hat. Iron minerals existing in 
the rocks are among the first to undergo decomposition, and their 
iron content is often dissolved by percolating waters through the 
agency of the stnall amounts of carbonic acid which they contain. 
The iron is transported as a carbonate by the waters to the surface 
and then often carried by the streams finally into marshes and 
stagnant pools. ‘There, under the effect of the evaporation of the 
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water and its consequent loss of the carbonic acid, which served to 
keep the iron carbonate in solution, and through the agency of the 
reducing action of carbonaceous matter present, the iron carbonate 
is changed to an oxide, which separates from the water and collects 
first as an iridescent scum on the surface of the water, and then later 
sinks to the bottom. In this way, under favorable conditions, beds 
of impure limonite can be formed in the bottom of marshes and bogs. 
Such deposits are very common and are known as bog-iron ores, 
but, because of the foreign materials deposited along with the 
limonite, are seldom of sufficient purity to be worked. 

Limonite deposits are also to be found in connection with iron- 
bearing limestones. The iron content of the limestone is gradually 
dissolved out by circulating waters and transported by them to 
some favorable spot, and there the iron is slowly redeposited as 
limonite, gradually replacing the calcium carbonate of the rock. 
Or, by the gradual weathering and solution of the limestone, its iron 
content may be left in the form of residual masses of limonite, lying 
in clay above the limestone formation. 

Such deposits are often of considerable size, and because of their 
greater purity are much more often mined than the bog-iron ores. 
Deposits of this type are to be found chiefly along the Appalachian 
Mountains, from western Massachusetts as far south as Alabama. 
These ores have been of considerable importance in western Massa- 
chusetts, northwestern Connecticut, southeastern New York, and 
in New Jersey. To-day they are chiefly mined in Alabama, Virginia, 
Tennessee and Georgia. Limonite deposits of various kinds are 
found throughout the western country, but as yet they have not been 
extensively developed. 

Limonite is the coloring material of yellow clays and soils, and 
mixed with fine clay makes what is known as yellow ocher. Limo- 
nite is commonly associated in its occurrence with hematite, turgite, 
pyrolusite, calcite, siderite, etc. 


Name. Derived from the Greek word meaning meadow, in 


allusion to its occurrence in bogs. 
Use. As anironore. As a pigment, in yellow ocher. 


Bauxite. 


Composition. Al,O(OH). or Al,0;.2H.0 = Alumina 73.9, 
water 26.1. Often impure. 
Crystallization. Noncrystalline. 
Structure. In round concretionary grains; also massive, 


earthy, claylike. 
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Physical Properties. G. = 2-2.55. Dull to earthy luster. 
Color white, gray, yellow, red. 

Tests. Infusible. Insoluble. Assumes a blue color wher 
moistened with cobalt nitrate and then ignited (aluminium). 
Gives water in C. T. 

Occurrence. Probably usually a secondary mineral derived from 
the decomposition of rocks containing aluminium silicates. Some- 
times as a residual deposit, preserving evidences of the original rock 
structure; sometimes odlitic and concretionary in character and 
evidently deposited from water. May, perhaps, at times, be de- 
posited by waters from hot springs. Occurs at Baux, near Arles, 
France, in disseminated grains in limestone; at Allauch, near Mar- 
seilles, France, in odlitic form with calcite as cement. In the 
United States the chief deposits are found in Georgia, Alabama and 
Arkansas. 

Use. As an ore of aluminium, in the manufacture of alumin- 
ium salts; artificial abrasives and bauxite brick. 


Brucite. 

Composition. Magnesium hydroxide, Mg(OH), = Magnesia 
69.0, water 31.0. Iron and manganese sometimes present. 

Crystallization. Hexagonal-rhombohedral. Crystals usu- 
ally tabular with prominent basal planes, showing at times small 
rhombchedral truncations. 

Structure. Commonly foliated, massive. 

Physical Properties. Perfect basal cleavage. Folia flexible 
but not elastic. Sectile. H.=2.5. G.=2.39. Luster on base 
pearly, elsewhere vitreous to waxy. Color white, gray, light 
green. Transparent to translucent. 

Tests. Infusible. B.B. glows. Gives waterinC.T. Easily 
soluble in hydrochloric acid, and after solution has been made 
ammoniacal an addition of sodium phosphate gives a white 
granular precipitate of ammonium magnesium phosphate (test 
for magnesium). Recognized by its foliated structure, light 
color and pearly luster on cleavage face. Distinguished from 
tale by its greater hardness and lack of greasy feel. 


' Occurrence. Found associated with serpentine, dolomite, mag- 
nesite, chromite, ete., as a decomposition product of magnesium 
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silicates. Notable localities for its occurrence are at Unst, one of 
the Shetland Islands; Aosta, Italy; at Tilly Foster Iron Mine, 
Brewster, New York; at Wood’s Mine, Texas, Pennsylvania. 


Gibbsite. Hydrargillite. 


Aluminium hydroxide, Al(OH);. Monoclinic. Rarely in hex- 
agonal-shaped tabular crystals. Stalactitic or botryoidal. Basal 
cleavage. H.=2-3.5. G.=2.3-2.4. Luster pearly, vitreous or 
dull. Color white. Infusible. Insoluble in hydrochloric acid. 
Moistened with cobalt nitrate and ignited assumes a blue color. 
Water in C. T. A rare species, most commonly found with corun- 
dum. 

Psilomelane. 

Of uncertain composition, chiefly manganese oxides, MnO, with 
MnO and H.O, also small amounts of barium oxide, cobalt oxide, 
etc. Noncrystalline. Massive, botryoidal, stalactitic. H.= 5-6. 
G. = 3.7-4.7. Submetallic Juster. Black color. Brownish black 
streak. Infusible. A small amount of mineral fused in O. F. with 
sodium carbonate gives an opaque bluish green bead. Gives much 
water in C. T. Distinguished from the other manganese oxides 
by its greater hardness. An ore of manganese, occurring usually 
with pyrolusite. 


CARBONATES. 


The carbonates are grouped into two divisions: (1) Anhydrous 
Carbonates; (2) Acid, Basic and Hydrous Carbonates. 


1. ANHYDROUS CARBONATES. 
CALCITE GROUP. 


The Calcite Group consists of a series of carbonates of the 
bivalent metals, calcium, magnesium, ferrous iron, manganese 
and zinc. They all crystallize in the rhombohedral class of the 
Hexagonal System with closely agreeing crystal constants. They 
all show a perfect rhombohedral cleavage, with the angle between 
the cleavage faces varying from 105° to 108°. The Calcite 
Group forms one of the most marked and important groups of 
isomorphous minerals, its chief members being as follows: 

Calcite, CaCOs. 
Dolomite, (Ca,Mg)COQs. 
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Magnesite, MgCOs. 
Siderite, FeCOs. 
Rhodochrosite, MnCQs. 
Smithsonite, ZnCOsy. 


Calcite. 


Composition. Calcium carbonate, CaCO; = Carbon dioxide 
44.0, lime 56.0. Small amounts of magnesium, ferrous iron, 
manganese and zinc may replace the calcium. 

Crystallization. Hexagonal-rhombohedral. Crystals are very 
varied in habit, often highly complex. Over 300 different forms 
have been described. Three important habits: (1) Prismatic, in 
which the prism faces are prominent, in long or short prisms with 


SG 


Fig. 269. Fig. 270. Fig. 271. 


basal plane or rhombohedral terminations (Figs. 273 and 274); 
(2) Rhombohedral, in which rhombohedral forms predominate, 


VA 


Fig. 272. Fig. 273. Fig. 274. 


both low and steep rhombohedrons, the unit (cleavage) form is 
not common (Figs. 269, 270, 271 and 272); (3) Scalenohedral, in 
which the scalenohedrons predominate, often with prism faces 
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and rhombohedral truncations (Figs. 275, 276, 277, 278 and 
A, pl. VIII). All possible combinations and variations of these 


Mn G 


 ® fh 


Fig. 275. Fig. 276. Fig. 277. 


types. Twinning according to several different laws frequent. 
Fig. 279 represents one type of twinning in which the basal 
plane is the twinning plane. 


Fig. 278. Fig. 279. 


Structure. Crystallized or crystalline granular, coarse to fine. 
Also fine-grained to compact, earthy. In stalactitic forms, etc. 

Physical Properties. Perfect cleavage parallel to unit rhom- 
bohedron (angle of rhombohedron = 105° and 75°). H.= 3. 
G.= 2.72. Luster vitreous to earthy. Color usually white or 
colorless. May be variously tinted, gray, red, green, blue, 
yellow, etc. Also, when impure, brown to black. Usually 
transparent to translucent. Opaque when impure. Strong 
double refraction, hence the name doubly-refracting spar. 

Tests. Infusible. After intense ignition, residue gives alka- 
line reaction to moistened test paper. Fragment moistened with 
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hydrochloric acid and heated gives orange-red flame. Frag- 
ments effervesce freely in cold dilute hydrochloric acid. Concen- 
trated solution gives precipitate of calcium sulphate when a few - 
drops of sulphuric acid are added; no precipitate will form if 
solution is dilute. Distinguished by its softness (3), its perfect 
cleavage, light color, vitreous luster, etc. Distinguished from 
dolomite by the fact that fragments of calcite effervesce freely 
in cold hydrochloric acid, while those of dolomite do not. 

Varieties. 1. Ordinary. Calcite in cleavable or crystalline 
masses. When transparent and colorless known as Iceland spar, 
because of its occurrence in quantity in Iceland. 

2. Limestone, Marble, Chalk. Calcite exists in enormous 
quantities in the form of limestone rocks, which form a large 
part of the sedimentary strata of the earth. When these rock 
masses have been subjected to great heat and pressure they 
develop a crystalline structure, usually showing cleavage faces 
of greater or less size. Crystalline limestones are known as 
marble. On account of various impurities and through the 
presence in them of other minerals, they assume a wide range of 
colors, and form a long series of ornamental stones to which 
various names are given. Chalk is a very fine-grained, pulveru- 
lent deposit of calcium carbonate, occurring at times in large | 
beds. It has been formed through the slow accumulation on 
the sea bottom of fragments of shells and of the skeletons of 
minute sea animals. 

3. Cave Deposits, etc. Calcareous waters often deposit calcite 
in the form of stalactites, concretions, incrustations, etc. It is 
usually semitranslucent, of light-yellow colors. Many caves in 
limestone regions are lined with such deposits. Hot calcareous 
spring waters may form a deposit of calcite, known as travertine, 
around their mouths. Such a deposit is being formed at the 
Mammoth Hot Springs, Yellowstone Park. 

4, Siliceous Calcites. Calcite crystals may inclose consider- 
able amounts of quartz sand (up to 60 per cent) and form what 
are known as sandstone crystals. Such occurrences are found 
at, Fontainebieau, France (Fontainebleau limestone), and in the 
Bad Lands, South Dakota. 
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Occurrence. Calcite is one of the most common and widely 
diffused of minerals. It occurs as enormous and widespread sedi- 
mentary rock masses, in which it is the predominant, at times prac- 
tically the only mineral present. Such rocks are the limestones, 
marbles (metamorphosed limestones), chalks, calcareous marls, cal- 
careous sandstones, etc. The limestone rocks have, in great part, 
been formed by the deposition on a sea bottom of great thicknesses 
of calcareous material in the form of shells, skeletons of sea ani- 
mals, etc. A smaller proportion of these rocks have been formed 
directly by precipitation of calcium carbonate. It occurs as a 
secondary mineral in igneous rocks as a product of decomposition 
of lime silicates. It is found lining the amygdaloidal cavities in 
lavas. It occurs in many sedimentary and metamorphic rocks in 
greater or less proportion. It is the cementing material in the light- 
colored sandstones. Calcite is also one of the most common of 
vein minerals, occurring as a gangue material, with all sorts of 
metallic ores. 

It would be quite impossible to specify all of the important dis- 
tricts for the occurrence of calcite in its various forms. Some of 
the more notable localities in which finely crystallized calcite is 
found are as follows: Andreasberg in the Harz Mountains; various 
places in Saxony; in Cumberland, Derbyshire, Devonshire, Corn- 
wall, Lancashire, England; Iceland; Guanajuato, Mexico; Joplin, 
Missouri; Lake Superior copper district; Rossie, New York, etc. 


Use. The most important use for calcite is for the manu- 
facture of lime for mortars and cements. Limestone when 
heated to about 1000° F. loses its carbonic acid, and is converted 
into quicklime, CaO. This, when mixed with water (slaked 
lime), swells, gives off much heat, and finally by absorption of 
carbon dioxide from the air hardens, or, as commonly termed, 
“sets.” Quicklime when mixed with sand forms the common 
mortar used in building. Certain limestones contain various 
clayey materials as impurities. Cements made from these lime- 
stones have the valuable property of hardening under water, 
and are known as hydraulic cements. Many hydraulic cements 
are made up artificially by combining their ingredients in experi- 
mentally determined proportions. The chemistry of the process 
of their hardening is not fully understood, but various silicates 
of calcium and aluminium are probably formed. Portland 
‘cement, used so largely in concrete construction, is a mixture 
of about 6 parts of lime, 2 parts of silica, and 1 part of alumina. 
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Chalk is used as a fertilizer, for whiting and whitewash, for 
crayons, etc. It is found in many places in Europe, the chalk 
cliffs of Dover being famous. 

Limestone is largely used as a building material, and is ob- 
tained in the United States chiefly from Pennsylvania, Indiana, 
Ohio, Illinois, New York, Missouri, Wisconsin. Limestone is 
largely used as a flux for smelting various metallic ores. A 
fine-grained limestone is used in lithographing. 

Marbles are used very extensively as ornamental and building 
material. The most important marble quarries in the United 
States are found in Vermont, New York, Georgia, Tennessee, etc. 

Iceland spar is valuable for optical instruments, being used in 
the form of the Nicol prism to produce polarized light. Obtained 
at present only from Iceland. 


Dolomite. 


Composition. Carbonate of calcium and magnesium, 
CaMg(CO;). = Carbon dioxide 47.8, lime 30.4, magnesia 21.7. 
Varieties occur in which the proportion of CaCO; to MgCO; 
isnot as 1:1. Small amounts of ferrous carbonate frequently 


replace some of the magnesium carbonate. Manganese is also 
present at times. 


Fig. 280. Fig. 281. 


Crystallization. | Hexagonal-rhombohedral. Crystals are 
usually the unit rhombohedron (cleavage rhombohedron) (Fig. 
280). Faces often curved, and sometimes so acutely as to form 
“saddle-shaped”’ crystals (Fig. 281). Other forms rare. 

Structure. Jn coarse, granular, cleavable masses to fine- 
grained and compact and in crystals. 


PLATE VIII. 


A. Calcite, Joplin, Missouri. 


B, Aragonite, Cleator Moor, England. 
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Physical Properties. Perfect rhombohedral cleavage (cleav- 
age angle = 106° 15’). H.= 3.54. G. = 2.85. Vitreous lus- 
ter; pearly in some varieties (pearl spar). Color usually some 
shade of pink, flesh color; may be colorless, white, gray, green, 
brown and black. Transparent to translucent. 

Tests. Infusible. After intense ignition a fragment will give 
an alkaline reaction to moistened test paper. Readily soluble, 
with effervescence in hot hydrochloric acid; fragment only slowly 
attacked by cold dilute acid (difference from calcite). Solution 
oxidized by nitric acid and then made ammoniacal (may pre- 
cipitate ferric hydroxide) will with ammonium oxalate give a 
white precipitate of calcium oxalate; filtrate with sodium phos- 
phate gives granular white precipitate of ammonium magnesium 
phosphate. Crystallized variety told by its curved rhombohe- 
dral crystals and usually by its flesh-pink color. 

Occurrence. Dolomite occurs chiefly in widely extended rock 
masses as dolomite limestone and marble. Occurrence same as for 
calcite rocks. The two varieties can only be told apart by tests, 
the simplest being to see if a drop of cold hydrochloric acid placed 
on the rock will produce effervescence (if so, rock is calcite; if not, 
dolomite). Often intimately mixed with calcite. Occurs also as a 
vein mineral, chiefly in the lead and zine veins that traverse lime- 
stone. Found in large rock strata in the dolomite region of southern 
Tyrol; Binnenthal, Switzerland; northern England; Joplin, Mis- 
souri, etc. 

Use. As a building and ornamental stone. For the manu- 
facture of certain cements. For the manufacture of magnesia 
used in the preparation of refractory linings of the converters in 


the basic steel process. 


Ankerite, CaCO;.(Mg,Fe,Mn)CO,, is a subspecies interme- 
diate between calcite, dolomite and siderite. 


Magnesite. 
Composition. Magnesium carbonate, MgCO; = Carbon di- 
oxide 52.4, magnesia 47.6. Iron carbonate also often present. 
Crystallization. Hexagonal-rhombohedral. In rhombohe- 
dral crystals. 
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Structure. Compact earthy forms common, also less fre- 
quently in cleavable granular masses, coarse to fine. Also com- 
pact. Crystals rare. : 

Physical Properties. Perfect rhombohedral cleavage, some~ 
times distinct. H. = 3.5-4.5. G. = 3-3.1. Vitreous luster. 
Color white, gray, yellow, brown. Transparent to opaque. 

Tests. Infusible. After intense ignition gives a faint alkaline 
reaction on moistened test paper. Scarcely acted upon by cold 
but dissolves with effervescence in hot hydrochloric acid. Solu- 
tion, after the precipitation of any iron and calcium, gives in 
the presence of an excess of ammonia, with sodium phosphate, a 
white granular precipitate of ammonium magnesium phosphate. 

Occurrence. Found associated with serpentine rocks as a product 
of their alteration, with dolomite, brucite, etc. Magnesite is mined 
to a small extent in Tulare County, California. Most of the mag- 
nesite used in the United States is imported, coming chiefly from 
Stryia in Austria-Hungary and from Greece. 

Use. Magnesite is chiefly used in the preparation of mag- 
nesite bricks for refractory linings in metallurgical furnaces. 
Also used in the preparation of magnesium salts (Epsom salts, 
magnesia, etc.). 


Siderite. Spathic Iron. Chalybite. 


Composition. Ferrous carbonate, FeCO; = Carbon dioxide 
37.9, iron protoxide 62.1, iron = 48.2. Manganese, magnesium 
and calcium may be present in small amounts. 

Crystallization. Hexagonal-rhombohedral. Crystals usually 
unit rhombohedrons (same as cleavage form), frequently with 
curved faces. 

Structure. Usually cleavable granular. At times botryoidal, 
compact and earthy. More rarely in crystals. 

Physical Properties. Perfect rhombohedral cleavage (cleav- 
age angle = 107°). H. =3.5-4. G. = 4.5-5. Vitreous luster. 
Color usualiy light to dark brown. Transparent to opaque. 

Tests. Difficultly fusible (4.5-5). Becomes strongly mag- 
netic on heating. Heated in C. T. decomposes and gives a 
black magnetic residue. Soluble in hydrochloric acid with 
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effervescence; solution gives with potassium ferricyanide a dark 
blue precipitate (test for ferrous iron). Recognized usually by 
its color and cleavage. 

Varieties. 1. Crystallized. In crystals or granular cleavable 
masses. 

2. Concretionary. In globular concretions. 

3. Clay Ironstone. Impure by admixture with clay materials. 
Sometimes in concentric layers. Forms stratified bodies with 
coal formations, ete. 

4. Black-band Ore. An impure stratified deposit of siderite, 
containing considerable carbonaceous matter. Associated with 


coal beds. 

Occurrence. Found in the form of clay ironstone and black-band 
ore in extensive stratified formations associated with coal measures. 
These ores are the chief source of iron in Great Britain and are found 
in Staffordshire, Yorkshire and Wales. Clay ironstone is also abun- 
dant in the coal measures of western Pennsylvania and eastern Ohio, 
but it is not used to any great extent as an ore. Siderite, in its 
crystallized form, is a common vein mineral associated with various 
metallic ores, as silver minerals, pyrite, chalcopyrite, tetrahedrite, 


galena, etc. 

Name. The original name for the mineral was spherosiderite, 
given to the concretionary variety and subsequently shortened 
to siderite to apply to the entire species. Spathic ore is a com- 
mon name. Chalybite, used by some mineralogists, was derived 
from the Chalybes, who lived on the Black Sea, and were in ~ 
ancient times workers in iron. 

Use. An ore of iron. Important in Great Britain, but of 
very subordinate value in the United States. 


Rhodochrosite. 

Composition. Manganese protocarbonate, MnCO; = Carbon 
dioxide 38.3, manganese protoxide 61.7. Iron is usually pres- 
ent, replacing a part of the manganese and sometimes calcium, 
magnesium, zinc, ete. 

Crystallization. Hexagonal-rhombohedral. Crystals unit 
rhombohedrons (same as cleavage rhombohedron), frequently 


with curved faces. 
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- Structure. Usually cleavable massive; granular to compact. 
Rarely in crystals. } 

Physical Properties. Perfect rhombohedral cleavage (cleav- 
age angle = 107°). H.=3.5-4.5. G.=3.45-3.6. Vitreous 
luster. Color usually some shade of rose-red; may be light pink 
to dark brown. Transparent to translucent. 

Tests. Infusible. Soluble in hot hydrochloric acid with 
effervescence. Gives reddish violet color to borax bead when 
heated in O. F. Told usually by its pink color, rhombohedral 
cleavage and hardness (4). Distinguished by its hardness from 
rhodonite (MnSiO;) (H. = 5.5-6.5). 


Occurrence. A comparatively rare mineral, occurring in veins 
with ores of silver, lead and copper, and with other manganese 
minerals. Found in the silver mines of Hungary and Saxony. In 
the United States at Branchville, Connecticut; Franklin, New 
Jersey; in good crystals at Alicante, Colorado, etc. 


Name. Derived from two Greek words meaning rose and 
color, in allusion to its rose-pink color. 
Use. A minor ore of manganese. 


Smithsonite. 


Composition. Zinc carbonate, ZnCO; = Carbon dioxide 35.2, 
zinc protoxide 64.8. Iron and manganese often replace a part 
of the zinc; also at times calcium and magnesium. 

Crystallization. Hexagonal-rhombohedral. Rarely in small 
rhombohedral or scalenohedral crystals. 

Structure. Usually reniform, botryoidal or stalactitic and in 
crystalline incrustations or in honeycombed masses known as 
dry-bone ore. Also granular to earthy. Distinct crystals rare. 

Physical Properties. Perfect rhombohedral cleavage, which, 
on account of the usual structure, is seldom observed. H. = 5 
(unusually high for a carbonate). G. = 4.30-4.35. Vitreous 
luster. Color usually dirty brown. May be white, green, blue, 
pink, etc. ‘Translucent to opaque. 

Tests. Infusibie. Soluble in hydrochloric acid with effer- 
vescence, A fragment heated B, B. in R. F. gives bluish green 
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streaks in the flame, due to the burning of the volatilized zinc. 
Heated in R. F. on charcoal gives a nonvolatile coating of zinc 
oxide, yellow when hot, white when cold; if coating is moistened 
with cobalt nitrate and again heated it turns green. Distin- 
guished by its effervescence in acids, its tests for zinc, its hard- 
ness (5) and its high specific gravity. 


Occurrence. It isa zinc oreof secondary origin. Found in con- 
nection with zine deposits near the surface, and where the oxidized 
ores have been acted upon by carbonated waters. Common in 
connection with zine deposits lying in limestone rocks. Associated 
with sphalerite, galena, calamine, cerussite, calcite, limonite, ete. 
Often found. in pseudomorphs after calcite. ‘‘Dry-bone ore’ is a 
honeycombed mass, with the appearance of dried bone, whose 
structure has resulted from the manner of deposition of the mineral. 
Some calamine, the silicate of zinc, is included under the term. 
Occurs, as an ore, in the zine deposits of Missouri, Arkansas, Wis- 
consin, Virginia, etc. Found at times in translucent green or 
greenish blue material which is available for ornamental uses. Such 
smithsonite is found at Laurium, Greece, and at Kelly, New Mexico. 


Name. Named in honor of James Smithson (1754-1829), 
who founded the Smithsonian Institution at Washington. Eng- 
lish mineralogists call the mineral calamine, using either electric 
calamine or hemimorphite as the name for the silicatc. 

Use. An ore of zinc. 


ARAGONITE GROUP. 


The Aragonite Group consists of a series of carbonates of the 
bivalent metals, calcium, strontium, barium and lead, which 
crystallize in the Orthorhombic System with closely related crys- 
tal constants and similar habits of crystallization. All of them 
appear at times in twin crystals which are pseudohexagonal in 
character. The members of the group are: 


Aragonite, CaCOQs. 
Strontianite, SrCOs. 
Witherite, BaCOs. 
Cerussite, PhCOs. 
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Aragonite. 

Composition. Calcium carbonate, like calcite, CaCO; = Car- 
bon dioxide 44, lime 56. May contain a little strontium or lead, 
rarely zinc. 

Crystallization. Orthorhombic. Three prominent habits of 
crystallization: (1) Acicular pyramidal; consisting of a prism 
terminated by a combination of a very steep pyramid and 
brachydome (see Fig. 282; and B, pl. VIII). Usually in radi- 
ating groups of large to very small crystals. (2) Tabular; con- 
sisting of prominent brachypinacoid faces modified by a prism 


Fig. 282. Fig. 283. Fig. 284. Fig. 285. 


and a low brachydome (Fig. 283). Often twinned with a prism 
face as a twinning plane (Fig. 284). (3) In pseudohexagonal 
twins (Fig. 285). This type shows a hexagonal-like prism ter- 
minated by a basal plane, and is formed by an intergrowth of 
three individuals with basal planes in common and their prism 
faces falling partly in the same plane, and partly with only 
slightly different positions. The crystals are distinguished from 
true hexagonal forms by noting that the basal plane is striated 
in three different directions, and also by the fact that, because 
the prism angle of the simple crystals is not exactly 60°, the 
composite prism faces for the twin will often show slight re- 
entrant angles. 

Structure. In crystals. Also reniform, columnar, stalactitic, 
etc. 
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Physical Properties. Vitreous luster. Colorless, white, pale 
yellow and variously tinted. Transparent to translucent. H.= 
3.5-4. G.= 2.95 (harder and heavier than calcite). 

Tests. Infusible. Decrepitates. After intense ignition the 
powder gives an alkaline reaction on moistened test paper. 
Fragments fall to powder (change to calcite) when heated at low 
redness in C.T. Chemical tests same as for calcite (page 205). 
Distinguished from calcite by its lack of cleavage, and the fact 
that fragments fall to powder when heated in C. T. 


Occurrence. Less stable than calcite and much less common in 
its occurrence. Usually found asa vein mineral. Experiments have 
shown that carbonated waters containing calcium more often deposit 
aragonite when they are hot and calcite when they are cold. Some sea 
shells are composed entirely or in part of aragonite. The pearly layer 
of many shells is aragonite. It has been noted that the aragonite 
shells are not readily preserved as fossils, being easily dissolved or 
disintegrated, or at times apparently slowly changing to calcite. 
Aragonite is most commonly found associated with beds of gypsum and 
deposits of iron ore (where it sometimes occurs in forms resembling 
coral, and is called flos ferri, flower of iron). At times found lining 
amygdaloidal cavities in basalt. Found frequently with pyrite, 
chaleopyrite, galena, malachite, ete. Notable localities for the 
various crystalline types are as follows: Pseudohexagonal twin 
crystals are found at Aragon, Spain; Bastennes, in the south of 
France; and at Girgenti, Sicily. The tabular type of crystals is 
found near Bilin, Bohemia. The acicular type is found at Alston 
Moor and Cleator, Cumberland, England. Flos ferri is found in . 
the Stryian iron mines. Stalactitic forms occur in Buckingham- 
shire and Devonshire, England, and Lanarkshire, Scotland. A 
fibrous banded form of a delicate blue color comes from Chile. 


Witherite. 


Composition. Barium carbonate, BaCO; = 
Carbon dioxide 22.3, barium oxide 77.7. 

Crystallization. Orthorhombic. Crystals 
always twinned, forming pseudohexagonal pyra- 
mids by the intergrowth of three individuals 
terminated by brachydomes (Fig. 286). | Crys- 
tals sometimes doubly terminated; often deeply & i 
striated borizontally and by a series of re- Fig. 286. 
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entrant angles have the appearance of one pyramid capping 
another. 

Structure. In twin crystals, also botryoidal to globular, 
columnar or granular. 

Physical Properties. H.= 3.5. G.=4.3. Vitreous luster. 
Colorless, white, gray. Translucent. 

Tests. Easily fusible at 2.5-3, giving a yellowish green flame 
(barium). After intense ignition gives an alkaline reaction on 
moistened test paper. Soluble in hydrochloric acid with effer- 

‘vescence. All solutions, even the very dilute, give precipitate of 
barium sulphate with saininric acid (difieranuk from calcium 
and strontium). Heavy. 


Occurrence. A comparatively rare mineral. Found in fine crys- 
tals at Hexham in Northumberland and Alston Moor in Cumber- 
land. Occurs at Tarnowitz in Silesia; Leogang in Salzburg; near 
Lexington, Kentucky; Thunder Bay, Lake Superior. 


Use. A minor source of barium compounds. 


Strontianite. 


Composition. Strontium carbonate, SrCO; = Carbon dioxide 
29.9, strontia 70.1. A little calcium sometimes present. 

Crystallization. Orthorhombic. Crystals usually acicular, 
like type (1) under aragonite. Twinning also frequent, giving 
at times pseudohexagonal forms. 

Structure. Radiating crystallized, also columnar; fibrous 
and granular. 

Physical Properties. H.= 3.5-4. G.= 3.7. Vitreous luster. 
White, gray, yellow, green. Transparent to translucent. 

Tests. Infusible. On intense ignition throws out fine 
branches and gives a crimson flame (strontium) and residue 
gives alkaline reaction on moistened test paper. Effervescence 
in hydrochloric acid, and the mediumly dilute solution will give 
precipitate of strontium sulphate on addition of a few drops of 
sulphuric acid ; no precipitate will form in the very dilute solution 
difference fioin ealeium and barium). Usually necessary to 
make the above tests to determine the mineral, 


PLATE IX. 


Cerussite, Broken Hill, New South Wales, 


CERUSSITE 21% 


Occurrence. A comparatively rare mineral. Originally found 
at Strontian in Argyllshire. Occurs also with lead ores at Pateley 
Bridge Yorkshire; at Hamm and Miinster, Westphalia; at Schoharie, 
New York, etc. 

Use. Has no great commercial use. A minor source of stron- 
tium compounds, used in fireworks and in the separation of 
sugar from molasses. 


Cerussite. 

Composition. Lead carbonate, PbCO; = Carbon dioxide 
16.5, lead oxide 83.5. 

Crystallization. Habit varied and crystals show many forms. 
Crystals often tabular parallel to brachy- 
pinacoid (Fig. 287). Frequently twinned, 
forming lattice-like groups with the plates 
crossing each other at 60° angles (Fig. A, 
pl. IX). Sometimes pyramidal in habit; 


also twinned in pseudohexagonal pyramids, 
frequently with deep reéntrant angles in the 


prism zone. 
Structure. In crystals or in granular 


crystalline aggregates; fibrous; granular teat 
massive; compact; earthy. 

Physical Properties. H.= 3-3.5. G.= 6.55 (high for a 
mineral with nonmetallic luster). Adamantine luster. Color- 
less, white or gray. Transparent to almost opaque. 

Tests. Easily fusible (1.5).. With sodium carbonate B. B. 
on charcoal gives globule of lead and yellow to white coating of 
lead oxide. Soluble in warm dilute nitric acid with effervescence. 
In C. T. usually decrepitates and is changed to lead oxide, which 
is dark yellow when hot. Recognized by its high specific gravity, 
white color and adamantine luster. 

Occurrence. An important and widely distributed lead ore of 
secondary origin, formed by the oxidation of galena in the presence 
of carbonated waters. Found in the upper and oxidized zone of 
lead veins, associated with galena, anglesite, sphalerite, smithsonite, 


silver ores, ete. Notable localities for its occurrence are Ems in 
Nassau; Mies, Bohemia; Nerchinsk, Siberia; Broken Hill, New 
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South Wales; Phcenixville, Pennsylvania; Leadville, Colorado, 
various districts in Arizona, etc. 


Use. An important ore of lead. 


Phosgenite, a chlorocarbonate of lead (PbCl).COs, tetragonal 
in crystallization, is a rare member of the Anhydrous Carbonate 
Division. 


2. ACID, BASIC AND HYDROUS CARBONATES. 
Malachite. Green Copper Carbonate. 


Composition. Basic carbonate of copper, (Cu.OH)2CO; or 
CuCO;.Cu(OH): = Carbon dioxide 19.9, cupric oxide 71.9, water 
8.2. Copper = 57.4. 

Crystallization. Monoclinic. Crystals usually slender pris- 
matic but seldom distinct. 

Structure. Usually radiating fibrous with botryoidal or stal- 
actitic structure (see Fig. C, pl. III). Often granular or earthy. 

Physical Properties. Perfect basal cleavage. H. = 3.5-4. 
G. = 3.9-4.03. Adamantine to vitreous luster in crystals; often 
silky in fibrous varieties; dull in earthy type. Color bright green. 
Translucent to opaque. 

Tests. Fusible (8), givinga green flame. With fluxes in R. F. 
on charcoal gives copper globule. Soluble in hydrochloric acid 
with effervescence. Solution turns deep blue with excess of 
ammonia. Much water in C. T. Recognized by its bright 
green color and radiating fibrous structure. 


Occurrence. An important and widely distributed copper ore of 
secondary origin. Found in the oxidized portions of copper veins 
associated with azurite, cuprite, native copper, iron oxides and the 
various sulphides of copper and iron. Usually occurs in copper 
veins that lie in limestones. Notable localities for its occurrence 
are at Nizhni Tagilsk in the Ural Mountains; at Bembe on west 
coast of Africa; in the copper mines in Chile; in New South Wales. 
In the United States, an important copper ore in the southwestern 
copper districts; at Bisbee, Morenci, and other localities in Arizona; 
in New Mexico, at Cannanea, in northern Mexico. 
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Name. Derived from the Greek word for mailows, in allusion 
to its green color. . 

Use. An important ore of copper. Has been used to some 
extent as an ornamental material for vases, veneer for table tops, 


ete. 


Azurite. Chessylite. Blue Copper Carbonate. 


Composition. A basic carbonate of copper, Cu(Cu.OH).(CO;), 
or 2CuCO;.Cu(OH), = Carbon dioxide 25.6, cupric oxide 69.2, 
water 5.2. Copper = 55.3. 

Crystallization. Monoclinic. Habit varied. Crystals fre- 
quently complex and distorted in development, sometimes in 
radiating spherical groups. 

Structure. Crystallized. In radiating botryoidal structure. 
Earthy. 

Physical Properties. H:= 3.5-4. G.= 3.77. Vitreous lus- 
ter. Intense azure-blue color. Transparent to opaque. 

Tests. Same as for malachite (which see). Characterized 
chiefly by its azure-blue color. 


Occurrence. Origin and associations same as for malachite. 
Found in fine crystals at Chessy, France; in Siberia; at Copper 
Queen Mine, Bisbee, Arizona. Widely distributed with copper 
ores. Not so common as malachite. 


Name. Named in allusion to its color. 
Use. An important ore of copper. 


Aurichalcite. 


A basic carbonate of zine and copper, 2(Zn,Cu)CO;.3(Zn,Cu) (OH).. 
In acicular crystals, forming drusy incrustations, H=2, G.= 
3.6. Pearly luster. Color pale green to blue. Infusible. Soluble 
in hydrochloric acid with effervescence. Solution turns blue with 
ammonia in excess. Fused in R. F. on charcoal with sodium car- 
bonate gives a nonvolatile coating of zine oxide (yellow when hot, 
white when cold). Water in C. T. A rare mineral, found in the 


oxidized zones of copper veins. 


Gay-Lussite. 


A hydrous carbonate of calcium and sodium, GaCO;.Na,CO;.5H20. 
Monoclinic. In rude crystals with uneven surfaces, Often wedge- 
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shaped. Prismatic cleavage. H.= 2-3. G.= 1.99. Vitreous lus- 
ter. Colorless, white, gray. Fusible at 1.5, giving yellow flame 
of sodium. Gives alkaline reaction after ignition. Effervesces in 
acids. Concentrated hydrochloric acid solution gives precipitate of 
calcium sulphate with sulphuric acid. A rare species, found in salt- 
lake deposits at Merida, Venezuela, and near Ragtown, Nevada. 

Other rarer species in this division include hydrozincite, 
ZnCO;.2Zn(OH).; trona, NasCO;.HNaCO;.2H,0O; hydromag- 
nesite, 3MgCO;.Mg(OH):2.3H.0. 


SILICATES. 


The silicates form the largest single section of the Chemical 
Classification of Minerals. They may be divided into (1) An- 
hydrous Silicates, (2) Hydrous Silicates. 


ANHYDROUS SILICATES. 

This section may be subdivided into (1) Disilicates, Polysili- 
cates, being salts of disilicic acid, H.Si,O;, or polysilicie acid, 
H,8i,0,; (2) Metasilicates, being salts of metasilicic acid, H.SiQ;; 
(3) Orthosilicates, being salts of orthosilicic acid, H,SiO,; (4) Sub- 
silicates, including various basic species. 


1. DISILICATES, POLYSILICATES. 


The only representative of the disilicates of sufficient impor- 
tance to warrant mention here is the rare lithium mineral, petal- 
ite, LiAl(Si,O,). 


THE FELDSPAR GROUP. 


The feldspars form one of the most important of mineral 
groups. ‘They are polysilicates of aluminium with either potas- 
sium, sodium and calcium and rarely barium. They may belong 
to either the monoclinic or the triclinic systems but with the 
crystals of the different species resembling each other closely in 
angles, habits of crystallization, and methods of twinning. They 
_ all show cleavages in two directions which make an angle of 90°, 
or closely 90°, with each other. Hardness is about 6 and spe- 
cific gravity 2.6. 
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10, Jf 0 
| MONOCLINIC SECTION. — m, 6, 640. 
Orthoclase. Potash Feldspar. 


_ Composition. Potassium-aluminium silicate, “KAISi,O, = 

_ Silica 64.7, alumina 18.4, potash 16.9. Soda sometimes re- 
places a portion of the potash. 

Crystallization. Monoclinic. Crystals are usually prismatic 

in habit and have as prominent forms, clinopinacoid, base, prism, 

with often smaller orthodomes (Figs. 288, 289 and 290). Fre- 


SB 


Fig. 288. Fig. 289. Fig. 290. 


quently twinned; Carlsbad with clinopinacoid as twinning plane 
(Fig. 291); Baveno with clinodome as twinning plane (Fig. 292); 
Manebach with base as twinning plane (Fig. 293). 


Fig. 291. Fig. 292. Fig. 293. 
Carlsbad Twin. Baveno Twin. Manebach Twin. 


Structure. Usually crystallized or coarsely cleavable to granu- 
lar; more rarely fine-grained, massive and cryptocrystalline. 


_ 
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Physical Properties. Two prominent cleavages (one parallel 
to base, perfect: the other parallel to clinopinacoid, good), mak- 
ing an angle of 90° with each other. H.= 6-6.5. G.= 2.5-2.6. 
Luster vitreous. Colorless, white, gray, flesh-red, more rarely 
green. Streak white. 

Varieties. Common feldspar is the usual opaque variety. 
Adularia is white or colorless and translucent to transparent. 
Some adularia shows an opalescent play of colors, and is called 
moonstone. Most of the moonstones, however, belong to the 
members of the plagioclase feldspar series. Sanidine, or glassy 
feldspar, is a variety occurring in glassy, often transparent, 
phenocrysts in eruptive rocks. 

Tests. Difficultly fusible (5). Insoluble in acids. When 
mixed with powdered gypsum and heated on platinum wire gives 
the violet flame of potassium. Usually to be recognized by its 
color, hardness and cleavage. Distinguished from the other 
feldspars by its right-angle cleavage and the lack of striations 
on the best cleavage surface. 

Alteration. When acted upon by waters carrying carbon 
dioxide in solution, orthoclase alters, forming a soluble carbonate 
of potassium and leaving as a residue either a mixture of kaolin 
(H,Al,Si,0,) and quartz (SiO.), or of muscovite (H.K(AISi0,);) 
and quartz. Kaolin forms the chief constituent of clays and 
has been derived in this manner. 


Occurrence. One of the most common of minerals. Widely dis- 
tributed as a prominent rock constituent, occurring in all types of 
rocks; igneous, in granites, syenites, porphyries, etc.; sedimentary, 
in certain sandstones and conglomerates; metamorphic, in gneisses. 
Also in large crystals and cleavable masses in pegmatite veins, asso- 
ciated chiefly with quartz, muscovite and albite. These veins are 
to be found where granite rocks abound. Large veins of this char- 
acter from which feldspar is quarried in considerable amounts occur 
in the New England and Middle Atlantic states, chiefly in Maine, 
Connecticut, New York, Pennsylvania and Maryland. 


Name. The name orthoclase refers to the right-angle cleavage 
possessed by the mineral. Feldspar is derived from the German 
word feld, field. 
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Use. Orthoclase is chiefly used in the manufacture of porce- 
lain. It is ground very fine and mixed with kaolin, or clay, and 
quartz. When heated to high temperature the feldspar fuses 
and acts as a cement to bind the material together. . Fused 
feldspar also furnishes the major part of the glaze on porcelain 
ware, 


A rare barium feldspar, hyalophane (K;,Ba)Al,Si,Oz, belongs 
here. 


TRICLINIC SECTION. 
Microcline. 


Composition. Like orthoclase, KAISi,O, = Silica 64.7, alu- 
mina 18.4, potash 16.9. 

Crystallization. ‘Triclinic. Axial lengths and angles only 
slightly different from those of orthoclase. Ordinarily the crys- 
tals of the two species cannot be told apart except by very 
accurate measurements or a microscopical examination. Micro- 
cline crystals are usually twinned according to the same laws 
as orthoclase. Also microscopically twinned according to the 
albite and pericline laws, characteristic of the triclinic feldspars. 
A thin section of microcline under the microscope in polarized 
light usually shows a characteristic grating structure, caused by 
the crossing at nearly right angles of the twin lamelle formed 
according to these triclinic twinning laws. Orthoclase, being 
monoclinic, could not show such twinning. 

Structure. In cleavable masses or in crystals. 

Physical Properties. Cleavage parallel to base and brachy- 
pinacoid, with angle of 89° 30’ (orthoclase would have 90°). 
H. = 6-6.5. G. = 2.54-2.57. Vitreous luster. Color white 
to- pale yellow. Also sometimes green (Amazon stone) or red. 
Transparent to translucent. 

Tests. Same as for orthoclase. The two species only to be 
distinguished from each other by careful examination (see above). 

Occurrence. Sameas for orthoclase. Much that passes as ortho- 


clase in reality is microcline. Occurs with a green color in the Ural 
Mts. and at Pike’s Peak, Colorado, and is known as Amazon stone. 
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Name. Microcline is derived from two Greek words meaning 
little and inclined, referring to the slight variation of the cleavage 
angle from 90°. : 

Use. Same as for orthoclase. Amazon stone is at times 
polished and used as an ornamental material. 


THE PLAGIOCLASE FELDSPARS. ALBITE-ANORTHITE 
SERIES. 

The triclinic soda-lime feldspars embrace a series of isomor- 
phous minerals varying in composition from albite, NaAISi;Os, to 
anorthite, CaAl,Si,0;. These two molecules can replace each 
other in any proportion, and as a consequence a practically com- 
plete series may be found from the pure soda feldspar, and then 
with gradually increasing amounts of the anorthite molecule, 
to the pure lime feldspar. Definite names have been given to 
various mixtures of these two molecules, the more important 
being listed below: =~ 2 (ha 

Albite, NaAlISi;03. hl | V 
Oligoclase, 3NaAISi;03.1CaAl.Si.Os. 
Andesine, INaAISi;03.3CaAlSin0O;. Ca |, 
Labradorite, 1NaAlSi;03.3CaAl,Si.05. ba “} 
Anorthite, CaAl,Si.0s. ) 

These triclinic feldspars crystallize in forms closely resembling 
those of the monoclinic orthoclase, and the axial lengths and in- 
clinations are also closely the same. This similarity in the crys- 
tal structure between the monoclinic and triclinic feldspars is 
best shown by a comparison of the cleavage angles of the different 
species, that of orthoclase being 90°, of albite 86° 24’, and of 
anorthite 85° 50’. The triclinic feldspars are often known as 
the plagioclase feldspars, because of their oblique cleavage. 

The crystals of the plagioclase feldspars are frequently twinned 
according to the various laws governing the twins of orthoclase, 
ie., the Carlsbad, Baveno and Manebach laws. They are also 
practically always twinned according to one or both of two laws, 
known us the albite and pericline laws. The twinning plane 
in the albite law is the brachypinacoid, which corresponds to 
the clinopinaceid in orthoclase. The angle between the basal 
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plane and this twinning plane is not 90°, but about 86°; so that 
if one imagines a triclinic feldspar crystal cut in two along this 
plane and one-half revolved 180° from its original: position 
upon an axis perpendicular to the plane, there would then be 
formed a shallow trough along the upper surface of the crys- 
tal, because the basal planes of the two adjacent halves would 
not lie in the same plane, but rather slope at a slight angle 
toward each other. This sort of twinning is commonly repeated 
many times in a single crystal, and gives rise to thin lamella, each 
one in twin position in respect to those on either side (see Figs. 
296 and 297). Consequently a basal plane or cleavage surface 
of such a twinned crystal will be crossed by a number of parallel 
groovings or striations (Fig. 298). Many times these striations 
are so fine as not to be visible to the unaided eye, but also at 
times they are coarse and easily seen. The presence of these 
striation lines upon the better cleavage surface of a feldspar is 
one of the best proofs that it belongs to the plagioclase series. 
In the pericline law the twinning axis is the 6 crystallographic 
axis, and when this results in polysynthetic twins the consequent 
striations are to be seen on the brachypinacoid. 


Albite. Soda-feldspar. 

Composition. Sodium-aluminium silicate, NaAISi,;O,= Silica 
68.7, alumina 19.5, soda 11.8. Calcium is usually present in 
small amount in the form of the anorthite molecule, CaAL,Si,Os. 

Crystallization. ‘Triclinic. Usually in tabular crystals paral- 


ays. 
ne 


Fig. 294. Fig. 295. Fig. 296. Albite Twin, 


lel to brachypinacoid (Fig. 294). Sometimes elongated parallel 
to 6 crystal axis (Fig. 295). Twinning very common, according 
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to the albite law (see above) and evidenced by fine striation lines 
on the better cleavage surface (Figs. 297 and 298). Twinning 
according to the other laws frequent. 


Fig. 297. Fig. 298. Albite Twinning. 


Structure. Commonly massive, either lamellar with lamelle 
often curved or in cleavable masses. Distinct erystals rare. 

Physical Properties. Perfect cleavage parallel to base; good 
cleavage parallel to brachypinacoid. Cleavage angle 86° 24’. 
H.=6. G.= 2.62. Vitreous luster; sometimes pearly on cleay- 
age surface. Colorless, white, gray. Transparent to opaque. 

Tests. Fusible at 44.5, giving yellow flame (sodium). In- 
soluble in acids. Characterized by its hardness, white color, 
cleavage, frequently curved lamellar structure, striations on 
better cleavage surface, etc. 

Occurrence. Like orthoclase, a widely distributed and important 
rock-making mineral. It occurs in all classes of rocks, but particu- 
larly in those of igneous origin, such as granites, syenites, porphy- 
ries and felsite lavas. Found commonly, also, in pegmatite veins. 
Notable localities for albite are to be found in Switzerland and the 
Tyrol; in the United States at Paris, Maine; Chesterfield, Mas- 
sachusetts; Haddam and Branchville, Connecticut; Amelia Court 
House, Virginia, etc. 

Name. irom the Latin albus, white, in allusion to its color. 

Use. Has the same uses as orthoclase, but not so commonly 
employed. Some varieties, when polished, show an opalescent 
play of colors and are known as moonstenes. Other members 
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of the plagioclase series and orthoclase show at times this same 
effect. The stones are usually cut in round or oval shapes and 
are valued up to $3 a carat. The finest moonstones come from 
Ceylon, but they are chiefly orthoclase. 


Oligoclase. 

Composition. Intermediate between albite and anorthite, 
chiefly near 3NaAISi;O,.1CaAl,Si.Os. 

Crystallization. Triclinic. Like albite. 

Structure. Usually massive, cleavable tocompact. Crystals 
rare. 

Physical Properties. Cleavage in two directions at 86° 32’. 
One cleavage (parallel to base) is better than the other, and on 
this parallel striation lines due to twinning are commonly to be 
seen. H.=6. G.= 2.66. Vitreous to pearly luster. Color usu- 
ally whitish with faint tinge of grayish green, also reddish white, 
ete. Translucent to opaque. 

Tests. Fusible at 44.5. Insoluble in hydrochloric acid. 
To be told from albite only by a test for calcium. Briefly, the 
test is made as follows: Fuse powdered mineral with sodium 
carbonate; dissolve fusion in hydrochloric acid and evaporate 
to dryness, moisten residue with water and a little nitric acid, 
boil and then filter off insoluble silica; to filtrate add ammonium 
hydroxide in excess, filter off precipitate of aluminium hydrox- 
ide; in filtrate get precipitate of calcium oxalate upon addition 
of ammonium oxalate. To be positively distinguished from an- 
desite and labradorite only by a chemical analysis or an optical 


examination. 


Occurrence. Likealbite, butnotsocommon. Found in various 
localities in Norway, notably at Tvedestrand, where it contains in- 
clusions of hematite, which give the mineral a golden shimmer and 
sparkle. Such feldspar is called aventurine oligoclase, or sunstone. 
Occurs in the United States at Fine and Macomb, St. Lawrence 
County, New York; Danbury and Haddam, Connecticut; Bakers- 


ville, North Carolina, ete. 
Name. Derived from two Greek words meaning little and 
fracture. 
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Use. Occasionally used as an ornamental material, in the 
varieties sunstone and moonstone. 


Andesine. 


Composition. Intermediate between albite and anorthite, 
corresponding chiefly to 1NaAISi;O;.1CaALSi,05. 

Crystallization. Triclinic. Like albite. 

Structure. In cleavable masses. Crystals rare. 

Physical Properties. Cleavage in two directions at 86° 14’. 
One cleavage (parallel to base) better than the other, and on this 
parallel striation lines due to twinning are commonly to be seen. 
H.=6. G.=2.69. Vitreous to pearly luster. -Color white, 
gray, greenish, yellowish, flesh-red. Often exhibits a beautiful 
play of colors, due partly to the intimate twinning and partly to 
inclusions. 

Tests. Same as for oligoclase. To be positively distinguished 
from oligoclase and labradorite only by a chemical analysis or 
an optical examination. 

Occurrence. Same as for albite, but less common. More fre- 
quently found in somewhat more basic igneous rocks, i.e., those 
containing less silica and more lime and magnesia. 

Name. Occurs in a rock called andesite, found in the Andes 
Mountains. 


Labradorite. 


Composition. Intermediate between albite and anorthite, 
corresponding chiefly to 1NaAISi;03.3CaAl,Si,0,. 

Crystallization. ‘Triclinic. Like albite. 

Structure. In cleavable masses. Crystals rare. 

Physical Properties. Cleavage in two directions at 86° 5’. 
One cleavage (parallel to base) better than the other, and on this 
parallel striation lines due to twinning are commonly shown. 
H. = 6. G. = 2.73. Vitreous luster. Usually gray, brown or 
greenish, sometimes colorless or white. Often shows a beautiful 
play of colors, due in part to the intimate twinning structure, 
in part to inclusions. Transparent to opaque. 

Tests. Same as for oligoclase. 
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Occurrence. Like albite, but more commonly in the darker 
colored basic igneous rocks, and usually associated with pyroxene 
or amphibole. Found on the coast of Labrador in large amounts, 
associated with hypersthene and magnetite, and when polished 
showing a fine iridescent play of colors. 


Use. As an ornamental stone. 


Anorthite. 


Composition. Calcium-aluminium silicate, CaAl,Si,Os= Silica 
43.2, alumina 36.7, lime 20.1. Soda is usually present, in small 
amount, in the albite molecule, NaAlSi,Os. 

Crystallization. Triclinic. Crystals usually prismatic paral- 
lel to vertical axis. Twinning common according to albite and 
pericline laws (see above). 

Structure. Massive cleavable. Crystals rare. 

Physical Properties. Cleavage in two directions at 85° 50’. 
One cleavage (parallel to base) better than the other. H.= 6. 
G.= 2.75. Vitreous to pearly luster. Color white, grayish, 
reddish. Transparent to opaque. 

Tests. Fusible at 4.5. Dissolves slowly in hydrochloric acid 
and yields a silica jelly upon evaporation. Gives a strong test 
for calcium (see under oligoclase) and only a slight yellow flame 
(sodium). 

Occurrence. A rock-making mineral, particularly in the dark- 
colored basic igneous rocks. Associated with various calcium and 
magnesium silicates. Found in the lavas of Mount Vesuvius; of 
Japan, etc. 

Name. Derived from the Greek word meaning oblique, be- 
cause of its triclinic crystallization. 


2. METASILICATES. 


Leucite. 


Composition. A metasilicate of aluminium and potassium, 
KAI(SiO;). = Silica 55.0, alumina 23.5, potash 21.5. 

Crystallization. Isometric. Trapezohedral habit (Fig. 299). 
Other forms rare. Strictly isometric only at temperatures of 
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500° C. or over. On cooling below this temperature it under- 
goes an internal molecular rearrangement to that of some other 
crystal system, but the external form does 


LS not change. It is formed in lavas at 
\ high temperatures and is then isometric 
LN in internal structure as well as outward 
form. 
\ Structure. Usually in distinct crys- 
tals, also in disseminated grains. 
Se Physical Properties. H. = 5.5-6. 
G. = 2.5. Vitreous to dull luster. Color 
white to gray. Translucent to opaque. 
Tests. Infusible. Decomposed by hydrochloric acid with 
the separation of silica but without the formation of a jelly. 
Addition of ammonia to the solution gives precipitate of alu- 
minium hydroxide. When mixed with powdered gypsum and 


fused gives violet potassium flame (best observed through a 
blue glass). 


Fig. 299. 


Occurrence. A rather rare mineral, occurring almost wholly in 
lavas. Found in rocks in which the amount of potassium in the 
magma was in excess of the amount necessary to form feldspar. Is 
not observed, therefore, in rocks that show quartz. Chiefly found 
in the rocks of centra] Italy; notably as phenocrysts in the lavas 
of Vesuvius. Pseudomorphs after leucite are found in syenites of 
Arkansas, Montana, Brazil, etc. 


Name. From a Greek word meaning white. 


Pollucite, H,Cs,Al,(SiOs)s, is a rare mineral that belongs in the 
same group as leucite. 


PYROXENE GROUP. 


The Pyroxene Group includes a series of related metasilicates 
which have calcium, magnesium and ferrous iron as the’ im- 
portant bases, also manganese and zine. Further certain mole- 
cules contain the alkalies and aluminium and ferric iron. They 
may belong to either the orthorhombic, monoclinic or triclinic 
systems, but the crystals of the different species are closely 
similar in many respects. 
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ORTHORHOMBIC SECTION. 
Enstatite, Bronzite, Hypersthene. 


A group of orthorhombic members of the pyroxene group, en- 
statite being magnesium metasilicate, MgSiO;; bronzite, the same as 
enstatite, with small amounts of iron replacing the magnesium; 
hypersthene, an iron-magnesium metasilicate, (Mg,Fe)SiO;. Dis- 
tinct crystals rare. Usually foliated massive with good cleavage; 
fibrous, ete. Color from white in enstatite to green and brown with 
increase in iron. Rock-making minerals, occurring like the mono- 
clinic pyroxenes but much rarer. Found in basic igneous rocks, 
such as peridotite, gabbro, etc. 


Pyroxene. 


Composition. Pyroxene is a metasilicate, varying in its com- 
position. It contains as bases chiefly calcium and magnesium, 
with smaller amounts of ferrous iron. In some varieties, how- 
ever, molecules are introduced in which are the alkalies (chiefly 
sodium), aluminium and ferric iron. The more important varie- 
ties of pyroxene with the formulas assigned to them follow. 

Diopside, CaMg(SiO;)2. 

Common pyroxene, Ca(Mg,Fe) (Si0s):. 

Augite, CaMg(SiO;). with MgAlLSiO, and NaAlSi,O.; with 
iron isomorphous with both the magnesium and the alu- 
minium. 

‘These varieties form an isomorphous series, and all gradations 
between them appear. Other varieties of less common occur- 
rence are hedenbergite, CaFe(SiOs)2; schefferite, a manganese 
pyroxene; jeffersonite, a manganese-zine pyroxene. 

Crystallization. Monoclinic. Crystals prismatic in habit; 
prism faces make angles of 87° and 93° with each other. The 
prism zone commonly shows the prism faces truncated by the 
faces of both vertical pinacoids, so that the crystals show, when 
viewed parallel to the vertical axis, a rectangular cross section 
with truncated corners. The interfacial angles in the prism 
zone are either exactly or very closely 90° and 45°. The ter- 
minations vary, being made up frequently of a combination of 
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the basal plane with pyramids both in front and behind (Figs. 
300-302). 


Fig. 300. Fig. 301. Fig. 302. 


Structure. In crystals. Often lamellar. Coarse to fine gran- 
ular. 

Physical Properties. Prismatic cleavage sometimes good, 
often interrupted. Sometimes basal parting observed, often 
shown by twinning lamelle (see Fig. A, pl. X). H.= 5-6. 
G.= 3.2-38.6. Vitreous luster. Color varying from white and 
light green in diopside, to green in pyroxene, through dark green 
to black in augite. Color deepens with increase in the amount 
of iron present. Transparent to opaque. 

Tests. Fusible from 4 to 4.5. Insoluble in hydrochloric acid. 
To test for bases: fuse with sodium carbonate; dissolve in nitric 
acid; evaporate to dryness; notice the formation of silica jelly; 
moisten residue with water and hydrochloric acid; boil and 
filter from insoluble silica; add ammonium hydroxide in excess, 
precipitate of aluminium and ferric hydroxide; to boiling filtrate 
add ammonium oxalate, precipitate of calcium oxalate; to filtrate 
add sodium phosphate, precipitate of ammonium magnesium 
phosphate. Recognized usually by its characteristic crystals. 


Occurrence. ‘The pyroxenes are common and important rock- 
making minerals, being found chiefly in the dark colored igneous 
rocks, especially those whose magmas were rich in iron, caletum and 
magnesium. They are seldom to be found in rocks that contain 
much quartz. Augite is found in basaltic lavas, and in the dark 
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inning Lamelle due to Basa) Parting. 
Massachusetts 


A. Pyroxene showing Tw 
B. Spodumene Crystal from Huntington, 
C. Garnet Crystals in Mica-Schist. 


So 


colored intrusions known generally as trap, in gabbros and perido- 
tites. Diopside and common pyroxene are found sometimes in 
syenites and similar rocks; also as metamorphic minerals in impure 
recrystallized dolomitic limestones. Common pyroxene also occurs 
in some gneisses. In the limestones, pyroxene is often associated 
with tremolite, scapolite, vesuvianite, garnet, titanite, phlogopite, 
etc. In igneous rocks it is found with orthoclase, the plagioclase 
feldspars, nephelite, chrysolite, leucite, amphibole, magnetite, etc. 
Some of the notable localities, particularly for fine crystals, are the 
following: For diopside, Ala, Piedmont; Traversella; Nordmark, 
Sweden; in various localities in Orange County, New York; for 
augite, in the lavas of Vesuvius; at Fassathal, Tyrol; Bilin, Bohemia; 
hedenbergite from Sweden and Norway; schefferite from Sweden; 
jeffersonite from Franklin, New Jersey. 
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Names. The name pyrorene, stranger to fire, is a misnomer, 
and was given to the mineral because it was thought that it did 
not occur in igneous rocks. Diopside comes from two Greek 
words meaning double appearance. Augite comes from a Greek 
word meaning luster. 

Use. Clear green diopside or common pyroxene is occasion- 
ally used as a gem material. 


ZEgirite or Acmite. 


A soda-ferric iron pyroxene, NaFe’’’(SiO;)2. Monoclinic. Slender 
prismatic crystals, often with steep terminations. Faces often im- 
perfect. Imperfect prismatic cleavage with 93° angle. H. = 6-6.5. 
G. = 3.5-3.55. Vitreous luster. Color brown or green. ‘Trans- 
lucent to opaque. Fusible at 3.5, giving yellow sodium flame. 
Fused globule slightly magnetic. A comparatively rare rock-mak- 
ing mineral found chiefly in nephelite-syenite and phonolite. 


Spodumene. 


Composition. Lithium-aluminium metasilicate, LiAl(SiO;).= 
Silica 64.5, alumina 27.4, lithia 8.4. Usually has a small amount 
of sodium replacing the lithium. 

Crystallization. Monoclinic. Prismatic crystals, flattened 
frequently parallel to the orthopinacoid. Deeply striated ver- 
tically (see Fig. B, pl. X). Crystals usually coarse and with 
roughened faces. Sometimes very large. 

Structure. In crystals or cleavable masses. 
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Physical Properties. Perfect prismatic cleavage. H.= 6.5- 
7. G. = 3.18. Vitreous luster. Color white, gray, pink, yel- 
low, green. Transparent to translucent when unaltered. 

Tests. Fusible at 3.5, throwing out fine branches at first, and 
then fusing to a clear glass. Gives a crimson flame (lithium). 
Insoluble in acids. 

Varieties. Ordinary. Color white or gray, sometimes pink. 
Commonly in flattened prismatic crystals, often very large. 
Frequently altered to other minerals. 

Hiddenite. A clear, transparent variety ranging in color from 
yellow-green to deep emerald. Found in small striated and 
etched crystals. é 

Kunzite. A transparent variety ranging from pale pink to 
deep amethystine purple. Has been found in flattened crystals 
8 to 10 inches in length, 5 to 6 in breadth. 

Alteration. Spodumene very easily alters to other species, 
becoming dull and opaque. The alteration products include 
albite, eucryptite (LiAISiO,), muscovite, microcline. 

Occurrence. A comparatively rare species, but found occasion- 
ally in very large crystals in pegmatite veins. Occurs at Goshen, 
Chesterfield, Chester, Huntington and Sterling, Massachusetts; 
Branchville, Connecticut; Etta tin mine, Pennington County, South 
Dakota, in crystals measuring many feet in length. Hiddenite 
occurs with emerald beryl at Stony Point, Alexander County, 
North Carolina. Kunzite is found with pink beryl in San Diego 
County, California. 

Names. Spodumene comes from a Greek word meaning ash 
colored. Hiddenite is named for Mr. W. E. Hidden; kunzite for 
Dr. G. F. Kunz. 

Use. The varieties hiddenite and kunzite furnish very beauti- 
ful gem stones but are limited in their occurrence. 


Jadeite. 


A sodium-aluminium metasilicate, NaAl(SiO;)2. Massive, gran- 
ular to closely compact. H.=6.5-7. G.= 3.33-3.35. Vitreous 
luster, Color white, gray to light green. Translucent to opaque. 
Very tough. Fuses at 2.5, coloring the flame yellow (sodium). 
Forms in part the material known as jade and highly prized by 
oriental peoples as an ornamental material. Made into finely carved 
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ornaments and utensils, and when of fine color and translucent com- 
mands a high price. Found chiefly in Upper Burmah, in southern 
China and in Thibet. 


Wollastonite. 


. Composition. Calcium metasilicate, CaSiO; = Silica 51.7, 
lime 48.3. 

Crystallization. Monoclinic. Usually in tabular crystals, 
with either base or macropinacoid prominent. 

Structure. Commonly massive, cleavable to fibrous; also 
compact. 

Physical Properties. Perfect cleavage parallel to macro- 
pinacoid. H. = 5-5.5. G.= 2.8-2.9. Vitreous luster, pearly 
on cleavage surfaces. Sometimes silky when fibrous. Color- 
less, white or gray. Translucent to opaque. 

Tests. Fusible at 4 to a white, almost glassy globule. De- 
composed by hydrochloric acid, with the separation of silica but 
without the formation of a jelly. Filtered solution with ammo- 
nium hydroxide and ammonium carbonate gives white precipi- 
tate of calcium carbonate. 

Occurrence. Commonly found in crystalline limestones which 
have been metamorphosed either through the heat and pressure 
attendant upon the intrusion into them of igneous rocks or upon 
movements of the earth’s crust. An impure limestone, containing 
quartz for instance, under these conditions will become crystalline, 
and new minerals, such as wollastonite, be formed. Associated with 
calcite, diopside, lime garnet, tremolite, lime feldspars, vesuvianite, 
epidote, ete. May at times be so plentiful as to constitute the chief 
mineral of the rock mass. Such wollastonite rocks are found in 
California, the Black Forest, Brittany, etc. More rarely found in 
feldspathic schists. 


Pectolite. 


Composition. HNaCa,(SiO;); = Silica 54.1, lime 33.8, soda 
9.3, water 2.7. 
_ Crystallization. Monoclinic. Crystals usually elongated 
parallel to the ortho-axis. 

Structure. Usually in aggregates of acicular crystals. F're- 
quently radiating, with fibrous appearance. Sometimes com- 
pact. 
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Physical Properties, Perfect cleavage parallel to the ortho- 
pinacoid. H. = 5. G. = 2.7-2.8. Vitreous to pearly luster. 
Colorless, white or gray. 

Tests. Fuses quietly at 2.5-3 to a glass; colors flame yellow 
(sodium). Decomposed by hydrochloric acid, with the separa- 
tion of silica but without the formation of a jelly. Filtered solu- 
tion with ammonium hydroxide and ammonium carbonate gives 
white precipitate of calcium carbonate. Water in C, T. 


Occurrence. A mineral of secondary origin similar in its occur- 
rence to the zeolites. Found lining amygdaloidal cavities in basalt, 
associated with various zeolites, phrenite, calcite, ete. Found at 
Bergen Hill and West Paterson, New Jersey. 


TRICLINIC SECTION. 
Rhodonite. 


Composition. Manganese metasilicate, MnSiO; = Silica 45.9, 
manganese protoxide 54.1. Iron, calcium and sometimes zinc 
replace a part of the manganese. 

Crystallization. Triclinic. Crystals 
commonly tabular parallel to base (Fig. 
303). Crystals often rough with rounded 
edges. 

Structure. Commonly massive, cleay- 
able to compact; in embedded grains. 

Fig. She Aig ata Physical Properties. Prismatic cleay- 

age at about 92°. H. = 6-6.5. G. = 3.63. 
Vitreous luster. Color rose-red, pink, brown. Translucent to 
opaque. 

Tests. Fusible (8-3.5) to a nearly black glass. Insoluble in 
hydrochloric acid. In O. F. gives clear reddish violet color to 
borax bead. 


Occurrence. Found at Langban, Sweden, with iron ore; found 
in large masses near Ekaterinburg, Urals; from Broken Hill, New 
South Wales. A zinciferous variety, known as fowlerite, occurs in 
good-sized crystals in limestone with franklinite, willemite, zincite, 
ete., at Franklin Furnace, New Jersey. 
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Name. Derived from the Greek word for a rose, in allusion 
to the color. 

Use. Sometimes polished for use as an ornamental stone. 
Obtained chiefly from the Urals. 


AMPHIBOLE GROUP. 


The minerals of the Amphibole Group crystallize in either the 
orthorhombic, monoclinic or triclinic systems, but the crystals 
of the different species are closely similar in many respects. 
Chemically they form a series parallel to that of the Pyroxene 
Group (page 230), being metasilicates with calcium, magnesium 
and ferrous iron as important bases, and also with manganese 
and the alkalies. Certain molecules that are present in some 
varieties contain aluminium and ferric iron. 


ORTHORHOMBIC SECTION. 
Anthopyllite. 


An orthorhombic amphibole, corresponding to the orthorhombic 
pryoxene group, enstatite— bronzite—hypersthene. An iron-mag- 
nesium metasilicate, (Mg,Fe)SiO;. Rarely in distinct crystals. 
Commonly lamellar or fibrous. Perfect prismatic cleavage. Color 
gray to various shades of green and brown. A comparatively rare 
mineral, occurring in mica-schist, etc. 


Amphibole. 

Composition. The amphiboles consist of a series of minerals 
analogous in many ways to the pyroxenes. They are chiefly 
metasilicates of calcium and magnesium with ferrous iron re- 
placing the magnesium. Other molecules are at times intro- 
duced, in which are the alkalies, atuminium and ferric iron. 
The more important varieties of amphibole with the formulas 
assigned to them follow. 

Tremolite, CaMg;(SiOs).. 

Actinolite, Ca(Mg,Fe);(SiOs).. 

Hornblende, CaMg;(SiO:), with NapAl,(SiO,.); and Mg,Al.- 
(SiO.)2. Ferrous iron is isomorphous with the magnesium and 
ferric iron with the aluminium. 


238 MANUAL OF MINERALOGY 


These varieties form an isomorphous series and all gradations 
between them occur. : 

Crystallization. Monoclinic. Crystals prismatic in_ habit; 
the prism faces make angles of 55° and 125° with each other 
(compare the 87° and 93° angles of pyroxene). The prism zone 
shows, in addition to the prism faces, usually those of the 
clinopinacoid and sometimes also those of the orthopinacoid. 


Fig. 304. Fig. 305, 


Prism zone frequently vertically striated and imperfectly de- 
veloped. When the prism faces are distinct, the cross section 
of the crystal, when viewed in a direction parallel to the vertical 
axis, does not have the rectangular shape shown by the crystals 
of pyroxene. The termination of the crystals is almost always 
formed by the two faces of a low clinodome (Figs. 304 and 305). 

Structure. Incrystals. Often bladed and frequently in radi- 
ating columnar aggregates. Sometimes in silky fibers. Coarse 
to fine granular. Compact. 

Physical Properties. Perfect prismatic cleavage at angle of 
125°, often yielding a splintery surface. H. = 5-6. G.=3-3.3. 
Vitreous luster. Often with silky sheen in the prism zone. Color 
varying from white and light green in tremolite, to green in 
actinolite, through dark green to black in hornblende. Color 
deepens with increase in the amount of iron present. Trans- 
parent to opaque. 

Tests. Fusible 3-4. Chemical tests same as for pyroxene, 
which see. ‘Told from pyroxene by its better prismatic cleavage, 
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by the difference in the prismatic angle and by the characteristic 
presence on the crystals of the low clinodome. 


Occurrence. Amphibole is an important and widely distributed 
rock-making mineral, occurring both in igneous and metamorphic 
rocks, being particularly characteristic, however, of the latter. The 
fact that amphibole frequently contains hydroxyl and fluorine in- 
dicates that, in some degree, it is often of pneumatolytic origin. 
Tremolite is most frequently found in impure, crystalline, dolomitic 
limestones, where it has been formed during the crystallization of 
the rock, while undergoing metamorphism. Actinolite commonly 
occurs in the crystalline schists, being often the chief constituent of 
green-colored hornblende-schists and greenstones. Frequently the 
amphibole of such rocks has had its origin in the pyroxene contained 
in the igneous rock from which the metamorphic type has been 
derived. Common hornblende is found in igneous rocks, such as 
granites, syenites, diorites, gabbros, and in some peridotites; it 
rarely occurs in the dark traps and basalts. It also occurs in the 
metamorphic rocks, such as gneisses and hornblende schists. 

Notable localities for the occurrence of crystals are: tremolite 
from Campolongo, Tessin; from Russell, Gouverneur, Amity, Pierre- 
pont, De Kalb, etce., New York; actinolite from Greiner, Zillerthal, 
Tyrol; hornblende from Bilin, Bohemia; Monte Somma, Italy. 
Actinolite frequently comes fibrous, and is the material to which 
the name asbestos was originally given. Has been found in the 
metamorphic rocks in various states along the Appalachian Moun- 
tains. Nephrite is a tough, compact variety of actinolite which 
supplies much of the material known as jade (see also under jadeite). 
A famous locality for its occurrence is in the Kuen Lun Mountains, 
on the southern border of Turkestan. 


Names. Tremolite is derived from the Tremola Valley near 
St. Gothard. Actinolite comes from two Greek words meaning 
a ray and stone, in allusion to its frequently somewhat radiated 
structure. 

Uses. ‘The fibrous variety is used to some extent as asbestos 
material. The fibrous variety of serpentine furnishes more 
and usually a better grade of asbestos. The compact variety, 
nephrite, is used largely for ornamental material by oriental 
peoples and is called jade. 


Among the other rarer monoclinic members of the Am- 
phibole Group are glaucophane, NaAl(SiO;)2.(Fe,Mg)Si0Os; 
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riebeckite, 2NaFe(SiO;)2.FeSiO;; crocidolite, NaFe(SiOs)2. FeSi0O;; 
arfvedsonite, Nag(Ca,Mg)3(Fe,Mn)4(Al,Fe)2SinO.s. 


TRICLINIC SECTION. 


The only member of the T'riclinic Section of the Amphibole 
Group is the rare mineral enigmatite, Na,Fe,AlFe’’’(Si,Ti)1203s. 


Beryl. 


Composition. Be;Al,Si,O,;. Analyses show a small amount 
of water. Small amounts of the alkali oxides, often in part 
consisting of cesium oxide, frequently replace the beryllium 
oxide. 

Crystallization. Hexagonal. Strong prismatic habit. Fre- 
quently vertically striated and grooved. Forms usually present 


ut nv mr 


Fig. 306. Fig, 307. 


consist only of prism of first order and base (Fig. 306). Small 
pyramid faces of both the first and second orders sometimes 
occur, but the pyramid faces are rarely prominent (Fig. 307). 
Dihexagonal forms quite rare. Crystals frequently of consider- 
able size with rough faces. 

Structure. In crystals. Also massive, with indistinct colum- 
nar structure or granular. 

Physical Properties. H.= 7.5-8. G.= 2.75-2.8. Vitreous 
luster. Coior commonly bluish green or light yellow; may 
be deep emerald-green, golden yellow, pink, white or colorless. 
Transparent to subtranshicent. Frequently the larger, coarser 
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crystals show a mottled appearance due to the alternation of 
clear transparent spots with cloudy, almost opaque portions. 

Tests. . B. whitens and fuses with difficulty at 5-5.5 to an 
enamel. Yields a little water on intense ignition. Insoluble in 
acids. Recognized usually by its hexagonal crystals, its hard- 
ness, color, etc. 

Varieties. Ordinary Beryl. In coarse translucent to opaque 
erystals or masses, usually of a pale greenish blue or yellow color. 
Sometimes in very large crystals; one from Grafton, New Hamp- 
shire, measured over 4 feet in length with a diameter between 
20 and 30 inches, weight 2900 pounds. 

Aquamarine. Name given to the pale greenish blue trans- 


parent stone. Used as a gem. 
Golden Beryl. A deep golden yellow variety, which, when 


clear, is used as a gem. 
Rose Beryl. A variety varying in color from pale pink to 
deep rose. Beautiful gem material from Madagascar has been 


named morganite. 

Emerald. The true emerald is the deep green transparent 
beryl and is among the most highly prized of gems. The color 
is due to small amounts of chromium. 


Occurrence. Beryl, although containing the rare element beryl- 
lium, is a rather common and widely distributed mineral. It occurs 
usually as an accessory mineral in pegmatite veins. It is also found 
in clay-slate and mica-schist. Emeralds of gem quality occur in a 
dark bituminous limestone at Musa, 75 miles northwest of Bogota, 
United States of Colombia. This locality has been worked almost 
continually since the middle of the sixteenth century, and has fur- 
nished the greater part of the emeralds of the world. Another 
famous locality for emeralds is in Siberia on the river Takovaya, 
45 miles east of Ekaterinburg. They occur in a mica-schist asso- 
ciated with phenacite, chrysoberyl, rutile, ete. Rather pale emeralds 
have been found in small amount from Alexander County, North 
Carolina, associated with the green variety of spodumene, hiddenite. 
Beryl of the lighter aquamarine color is much more common, and 
is found in gem quality in Brazil, Siberia, and many other localities. 
In the United States they have been found in various places in Maine, 
New Hampshire, Massachusetts, Connecticut, North Carolina, Colo- 
rado, ete. The golden beryl has been found in Maine, Connecti- 
cut, North Carolina and Pennsylvania; also in Siberia and Ceylon. 
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The rose-colored beryl has been found in San Diego County, Cali- 
fornia, associated with pink tourmaline and the pink spodumene, 
kunzite. A similar occurrence in Madagascar has furnished mag- 
nificent rose-colored stones (morganite). 


Use. Used as a gem stone of various colors. The emerald 
ranks as one of the most valuable of stones, at times being of 
much greater value than the diamond. Perfect and deeply 
colored stones have been sold as high as $1000 per carat. 
Aquamarines range in value from $1 to $15 a carat. Golden 
beryls bring from $1 to $10 a carat. The rose beryl is valued 
from $5 to $20 a carat. 


Iolite. Cordierite. 


A complex silicate of magnesium, ferrous iron and aluminium. 
Orthorhombic. Usually in short pseudohexagonal twinned crys- 
tals; as embedded grains; massive. Vitreous luster. Color differ- 
ent shades of blue. Most commonly altered into some form of 
mica, becoming opaque and of various shades of grayish green. 
Found as an accessory mineral in granite, gneiss (cordierite gneiss), 
schists, ete. 


3. ORTHOSILICATES. 
Nephelite. 


Composition. Sodium-aluminium silicate, approximately 
NaAlSiO,. There is always a few per cent of potash present, 
sometimes also lime, replacing the soda. 

Crystallization. Hexagonal. Rarely in small prismatic erys- 
tals with basal plane; sometimes shows pyramidal planes. 

Structure. Almost invariably massive, compact, and in em- 
bedded grains. Massive variety often called eleolite. 

Physical Properties. Distinct cleavage parallel to prism. 
H.= 5.5-6. G. = 2.55-2.65. Vitreous luster in the clear crys- 
tals to greasy luster in the massive variety. Colorless, white 
or yellowish. In the massive variety gray, greenish and reddish. 
Transparent to opaque. 

Tests. Fusible at 4 to a colorless glass. B. B. gives strong 
yellow flame of sodium. Readily soluble in hydrochloric acid 
and on evaporation yields a silica jelly, 
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Alteration. Easily alters into various other minerals, such as 
the zeolites, natrolite, analcite, hydronephelite, thomsonite; also 
sodalite, muscovite, kaolin, etc. 

Occurrence. Nephelite is rarely found except in igneous rocks. 
It occurs in some recent lavas as glassy crystals, such as are found 
in the lavas of Vesuvius. The opaque, massive or coarsely crystal- 
line variety is found in the older rocks and is called elxolite. Phono- 
lite, elwolite-syenite and nephelite-basalt are important rocks in 
which nephelite is an essential constituent. It is only to be found 
in rocks whose magmas contained an excess of soda over the amount 
required to form feldspar. It is therefore seldom found in rocks 
that contain free quartz. Extensive masses of nephelite rocks, 
elzolite-syenites, are found in Norway. Massive and crystallized 
nephelite is found at Litchfield, Maine, associated with cancrinite. 
Found at Magnet Cove, Arkansas. 


Name. Nephelite is derived from a Greek work meaning a 
cloud, because when immersed in acid the mineral becomes 
cloudy. Eleolite is derived from the Greek word for oil, in 
allusion to its greasy luster. 

Cancrinite, HsNasCa(NaCO;)2Al,(SiO,)5, is a rare mineral 
similar to nephelite in occurrence and associations. 


SODALITE GROUP. 
Sodalite. 


Composition, Na,(AICI)Al,(SiO,):. Isometric. Crystals rare, 
usually dodecahedrons. Commonly massive, in embedded grains. 
Dodecahedral cleavage. H.= 5.5-6. G.= 2.15-2.3. Vitreous lus- 
ter. Color usually blue, also white, gray, green. Transparent to 
opaque. Fusible at 3.5—-4, to a colorless glass, giving a strong 
yellow flame (sodjum). Soluble in hydrochloric acid and gives 
gelatinous silica upon evaporation. Nitric acid solution with silver 
nitrate gives white precipitate of silver chloride. A comparatively 
rare rock-making mineral associated with nephelite, cancrinite, etc., 
in nephelite-syenites, trachytes, phonolites, ete. Found in transpar- 
ent crystals in the lavas of Vesuvius. Similar minerals, but rarer in 
their occurrence, are haiiynite, (Naz-Ca)2(Al.NaSO,) Al (Si04)s, and 


noselite, Nas(NaSO,. Al) Alo(Si0,)s. 


Lazurite. Lapis-lazuli. 


Composition, Na,(Al.NaS;)Al,(Si0,)s, with small amounts of the 
sodalite and haiiynite molecules in isomorphous replacement. Iso- 
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metric. Crystals rare, usually dodecahedral. Commonly massive, 


compact. H. = 5-5.5. G. =2.4-2.45. Vitreous luster. Color 


deep azure-blue, greenish blue. Translucent. Fusible at 3.5, giv- 
ing strong yellow flame (sodium). Soluble in hydrochloric acid 
with slight evolution of hydrogen sulphide gas, and gives gelatinous 
silica upon evaporation. A rare mineral, occurring usually in crys- 
talline limestones as a product of contact metamorphism. Lapis- 
lazuli is usually a mixture of lazurite with small amounts of calcite, 
pyroxene, etc. It commonly contains small disseminate particles 
of pyrite. It is used as an ornamental stone, for carvings, ete. The 
best quality of lapis-lazuli comes from northeastern Afghanistan. 
Also found at Lake Baikal, Siberia, and in Chile. 


GARNET GROUP. 


Composition. The garnets are orthosilicates which conform 
to the general formula R3’’R»’’’(SiO,)3. R’’ may be calcium, 
magnesium, ferrous iron and manganese; R’’”’ may be aluminium, 
ferric iron and chromium. The formulas of the chief varieties 
are given below; many of them, however, grade more or less into 


each other. 
Grossularite, CasAlo(Si04)s. 
Pyrope, Mg;Als(Si04)s. 
Almandite, — Fe3Al2(SiO.)s. 
Spessartite, MnsAlo(SiO4)s. 
Andradite, Ca3Fes(SiO.)3. 
Uvarovite, Ca3(Cr,Al)2(Si0O4)s. 

Crystallization. Isometric. Common forms dodecahedron 
(Fig. 308) and trapezohedron (Fig. 309), often in combination 
(Figs. 310 and 311). Hexoctahedron observed at times (Fig. 
312). Other forms rare. 

Structure. Usually distinctly crystallized; also in rounded 
grains; massive granular, coarse or fine. 

Physical Properties. H.= 6.5-7.5. G. = 3.15-4.3, varying 
with the composition. Luster vitreous to resinous. Color vary- 
ing with composition; most commonly red, also brown, yellow, 
white, green, black. White streak. Transparent to almost 
opaque. 

Tests. With the exception of uvarovite, all garnets fuse at 3 
to 3.5; uvarovite is almost infusible. The iron garnets, alman- 
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Fig. 308. Fig. 309. Fig. 310. 


Fig. 311. Fig. 312. 


dite and andradite, fuse to magnetic globules. Spessartite when 
fused with sodium carbonate gives a bluish green bead (manga- 
nese). Uvarovite gives a green color to salt of phosphorus bead 
(chromium). Andradite is somewhat difficultly soluble in hydro- 
chloric acid and gelatinizes imperfectly on evaporation. All the 
other garnets are practically insoluble in acids. All of them, 
with the exception of uvarovite, may be dissolved in hydrochloric 
acid after simple fusion and the solutions will gelatinize on evapo- 
ration. Garnets are usually recognized by their characteristic 
isometric crystals, their hardness, color, etc. It frequently re- 
quires an analysis to positively distinguish between the different 
members of the group. 

Varieties. Grossularite, Essonite, Cinnamon Stone. Calcium- 
aluminium garnet. Often contains ferrous iron replacing cal- 
cium and ferric iron replacing aluminium, Color white, green, 
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yellow, cinnamon-brown, pale red. Name derived from the 
botanical name for gooseberry, in allusion to the light green color 
of the original grossularite. 

Pyrope. Precious garnet in part. Magnesium-aluminium 
garnet. Calcium and iron also present. Color deep red to 
nearly black. Often transparent and then used as a gem. 
Name derived from Greek, meaning firelike.: Rhodolite is name 
given to a pale rose-red or purple garnet, corresponding in com- 
position to two parts of pyrope and one of almandite. 

Almandite. Precious garnet in part. Common garnet in 
part. Iron-aluminium garnet. Ferric iron replaces aluminium 
and magnesium replaces ferrous iron. Color fine deep red, trans- 
parent in precious garnet; brownish red, translucent to opaque 
in common garnet. Name derived from Alabanda, where in 
ancient times garnets were cut and polished. 

Spessartite. Manganese-aluminium garnet. Ferrous iron re- 
places the manganese and ferric iron the aluminium. Color 
brownish to garnet-red. 

Andradite. Common garnet in part. Calcium-iron garnet. 
Aluminium replaces the ferric iron; ferrous iron, manganese and 
sometimes magnesium replace the calcium. Color various 
shades of yellow, green, brown to black. Named after the 
Portuguese mineralogist, d’Andrada. 

Uvarovite. Calcium-chromium garnet. Color emerald-green. 
Named after Count Uvarov. 


Occurrence. Garnet is a common and widely distributed min- 
eral, occurring as an accessory constituent of metamorphic and 
sometimes of igneous rocks. Its most characteristic occurrence is 
in mica-schists (see Fig. C, pl. X), hornblende-schists and gneisses. 
Found in pegmatite veins, more rarely in granite rocks. Grossu- 
larite is found chiefly as a product of contact or regional metamor- 
phism in crystalline limestones. Pyrope is often found in peridotite 
rocks and the serpentines derived from them. Spessartite occurs 
in the ingenous rock, rhyolite. Melanite, a black variety of andra- 
dite, occurs mostly in certain eruptive rocks. Uvarovite is found 
in serpeniine associated with chromite. Garnet frequently occurs 
as rounded grains im stream- and sea-sands. 

Almandite, of gem quality, is found in northern India, Brazil 
Australia, and in several localities in the Alps. Fine crystals, al- 
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though for the most part too opaque for cutting, are found in a mica- 
schist on the Stickeen River, Alaska. Pyrope of gem quality is 
found associated with clear grains of chrysolite (peridot) in the 
surface sands near Fort Defiance, close to the Utah-Arizona state 
line. Famous localities for pyrope gems are near Teplitz and Bilin, 
Bohemia. Grossularite is only a little used in jewelry, but essonite 
or cinnamon stones of good size and color are found in Ceylon. A 
green andradite, known as demantoid, comes from the Urals and 
yields fine gems known as Uralian, emeralds. 


Alteration. Garnet often alters to other minerals, particu- 
larly talc, serpentine and chlorite. 

Name. Garnet is derived from the Latin granatus, meaning 
like a grain. Carbuncle, an old name for garnet and other red 
stones, was derived from the Latin word carbo, coal, and is used 
at present to designate garnets cut in oval form. 

‘Use. Chiefly as a rather inexpensive gem stone. Sometimes 
ground and used on account of its hardness for abrading pur- 
poses, as sand for sawing and grinding stone, or for making sand- 


paper. 
CHRYSOLITE GROUP. 


Chrysolite or Olivine. Peridot. 


Composition. Orthosilicate of magnesium, with varying 
amounts of ferrous iron, (Mg,Fe).SiO,. The ratio between the 
magnesium and iron varies widely. 

Crystallization. Orthorhombic. Crystals usually a combi- 
nation of prism, macro- and brachypinacoids and domes, pyra- 
mid and base. Often flattened parallel to either the macro- or 
brachypinacoid. 

Structure. Usually in embedded grains or in granular masses. 

Physical Properties. H.= 6.5-7. G. = 3.27-3.37. Vitre- 
ous luster. Olive to grayish green, brown. Transparent to 
translucent. 

Tests. Infusible. Rather slowly soluble in hydrochloric acid 
and yields gelatinous silica upon evaporation. After evapora- 
tion to dryness, take up residue in water with nitric acid, filter 
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off silica, add ammonia in excess to precipitate ferric hydroxide, 
filter, add ammonium oxalate to prove absence of calcium, add 
sodium phosphate and obtain precipitate of ammonium-mag- 
nesium phosphate (test for magnesium). Distinguished usually 
by its glassy luster, green color and granular structure. 


Occurrence. A rather common rock-making mineral, varying 
from an accessory character to that of a main constituent of the rock. 
It is found principally in the dark colored ferro-magnesium igneous 
rocks such as gabbro, peridotite and basalt. A rock, known as 
dunite, is made up almost wholly of chrysolite. Found also at times 
as glassy grains in meteorites. Occasionally in crystalline dolomitic 
limestones. Associated often with pyroxene, the plagioclase feld- 
spars, magnetite, corundum, chromite, serpentine, etc. The trans- 
parent green variety, known as peridot, and used as a gem material, 
was found in ancient times in the East, the exact locality for the 
stones not being known. At present peridot is found in Upper 
Egypt, near the Red Sea, and in rounded grains associated with 
pyrope garnet in the surface gravels of Arizona and New Mexico. 
Crystals of chrysolite are found in the lavas of Vesuvius. Larger 
crystals, altered to serpentine, come from Snarum, Norway. Chryso- 
lite occurs in granular masses in the voleanic bombs in the Eifel. 
Dunite rocks are found at Dun Mountain, New Zealand, and with 
the corundum deposits of North Carolina. 


Alteration. Very readily altered to serpentine; magnesium 
carbonate, iron ore, ete., may form at the same time. 

Name. Chrysolite means golden stone. Olivine derives its 
name from the usual olive-green color of the mineral, and is 
the term usually given to the species when speaking of it as a 
rock-making mineral. Peridot is an old name for the species. 

Use. As the clear green variety, known usually as peridot, it 


has some use as a gem. A one-carat stone may be valued up 
to $5. 


Other members of the Chrysolite Group which are rarer in 
occurrence are Monticellite, CaMgSiO,; fosterite, Mg,SiO,.; and 
fayalite, FeSiO, Ordinary chrysolite is intermediate in com- 
position between: the last two. Another member which has been 


found in the zine deposits at Franklin Furnace, New Jersey, is 
tephroite, Mn,S8iO,. 
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PHENACITE GROUP. 
Willemite. 

Composition. Zinc orthosilicate, Zn,SiO, = Silica 27, zine 
oxide 73, zinc 58.6. Manganese often replaces a considerable 
part of the zine (manganiferous variety called troostite), iron 
also present at times in small amount. 

Crystallization. Hexagonal-rhombohedral ; tri- rhombohedral. 
In hexagonal prisms with rhombohedral terminations. Faces 
of third-order rhombohedrons rare. 

Structure. Usually massive to granular. Rarely crystallized 
except in variety troostite. 

Physical Properties. H.= 5.5. G. = 3.89-4.18. Vitreous 
to resinous luster. Color white, yellow-green, blue, when pure; 
with increase of manganese becomes apple-green, flesh-red and 
brown. Transparent to opaque. 

Tests. Willemite infusible, troostite difficultly fusible (4.5-5). 
Soluble in hydrochloric acid and yields gelatinous silica on evapo- 
ration. Gives a coating of zinc oxide when heated with sodium 
carbonate on charcoal; coating yellow when hot, white when 
cold; if coating is moistened with cobalt nitrate and heated again 
it turns green. Troostite will give reddish violet color to the 
borax bead in O. F. (manganese). 

Varieties. Ordinary. White or light colored. 

Troostite. Apple-green, flesh-red or gray color. Contains a 
considerable amount of manganese. Found at Franklin Fur- 
nace, New Jersey, in quite large crystals. 

Occurrence. Found at Altenberg, near Moresnet, Belgium, and 
at Franklin Furnace, New Jersey. At the latter locality it is asso- 
ciated with franklinite and zincite, often in an intimate mixture; 
also embedded in calcite. Occurs sparingly at Merritt Mine, New 
Mexico. 


Use. A valuable zinc ore. 


Phenacite. 


Beryllium orthosilicate, Be,SiO,. _Hexagonal-rhombohedral; tri- 
rhombohedral. Crystals usually rhombohedral in form, sometimes 
with short prisms. Often with complex development and fre- 
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quently showing the faces of the third-order rhombohedron. _Pris- 
matic cleavage. H. = 7.5-8. G. = 2.96. Vitreous luster. Color- 
less, white. Transparent to translucent. Infusible and insoluble. 
A rare mineral, found associated usually with topaz, chrysoberyl, 
beryl, apatite, etc. Fine crystals are found at the emerald mines 
in the Urals, at Pike’s Peak and Mount Antero, Colorado, and in 
Minas Geraes, Brazil. Occasionally cut as a gem stone. 


Dioptase, H,CuSiO,, is a rare mineral belonging in this group. 


SCAPOLITE GROUP. 


A group of minerals varying in composition by the isomor- 
phous mixture in different amounts of the two molecules, 
Ca,Al,Sis0.;(Me) and Na,Al;Si,0.Cl,(Ma). When the first 
molecule (Me) alune is present, the subname of meionite is used; 
when the second molecule (Ma) represents the composition, the 
name marialite is used. Wernerite, or common scapolite, shows 
a combination of the two molecules according to the ratios of 
Me: Ma as 3:1 to 1:2; while mizzonite corresponds to the 


ratios of Me: Maas1:2to1:38. Mixtures in all proportions 
may exist. 


Wernerite. Common Scapolite. 
Composition. See above. 


Crystallization. Tetragonal; tripyramidal. Crystals usually 
prismatic. Prominent forms are prisms of the first and second 


Fig. 313. Fig. 314, 


orders, pyramid of first (Fig. 313). Rarely shows the faces of 
the pyramid of the third order (Fig. 314). 
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Structure. Crystals are usually coarse, with rough faces and 
often large. Also massive, granular, or with faint fibrous appear- 
ance. 

Physical Properties. Imperfect prismatic cleavage. H.= 
5-6. G.= 2.68. Vitreous luster when fresh and unaltered. 
Color white, gray or pale green. Transparent to opaque. 

Tests. Fusible. Varieties containing sodium give yellow 
flame on ignition. Imperfectly decomposed by hydrochloric 
acid, yielding separated silica but without the formation of a 
jelly. 

Alteration. Easily altered into various other minerals, such 
as mica, epidote, talc, kaolin, etc. 


Occurrence. The scapolites occur in the crystalline schists, 
gneisses and amphibolites, and in many cases have probably been 
derived by alteration from plagioclase feldspars. They also charac- 
teristically occur in crystalline limestones formed through the con- 
tact metamorphic action of an intruded igneous rock. Associated 
with light colored pyroxene, amphibole, garnet, apatite, titanite, 
zircon, ete. Found in various places in Massachusetts; Orange, 
Essex, Lewis, Jefferson and St. Lawrence counties, New York; at 
Grenville, Templeton, Algona, etc., Canada. 


The other members of the group, meionite, mizzonite and 
marialite, are much rarer in occurrence. Their crystals are 
usually smaller and of better quality than those of wernerite. 
Meionite and missonite are found in limestone blocks on Monte 
Somma. 


Vesuvianite. 


Composition. A basic silicate of calcium and aluminium. 
Contains usually also iron oxides, magnesia and fluorine. For- 
mula uncertain. 

Crystallization. Tetragonal. Prismatic inhabit. Often ver- 
tically striated. Common forms are prisms of first and second 
orders, pyramid of first order and base (Figs. 315 and 316). 
Some crystals show a more complex development with other 
prisms, pyramids, ditetragonal forms, etc. 
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Structure. In crystals, also massive, columnar, granular. 

Physical Properties. H.=6.5. G.=3.35-4.45. Vitreous to 
resinous luster. Usually green or brown in color; also yellow, 
blue, red. Commonly subtransparent to translucent. Streak 
white. 
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Fig. 315, Fig. 316. 


Tests. Fuses with intumescence to a greenish or brownish 
glass. Only slightly soluble in acids but gelatinizes in hydro- 
chlorice acid after simple fusion. 


Occurrence. Usually to be found in crystalline limestones where 
they have been metamorphosed by the contact action of igneous 
rocks. Formed probably by the action upon impure limestone of 
hot vapors containing water and fluorine given off by the igneous 
rock. Associated with other contact minerals, such as garnet, 
pyroxene, tourmaline, chondrodite, ete. Was originally discovered 
in the ancient ejections of Vesuvius and in the dolomitic blocks of 
Monte Somma. Important localities are, Ala, Piedmont; Mon- 
zoni, Tyrol; Vesuvius; Christiansand, Norway; Achmatoosk, 
Urals; River Wilui, Siberia; in the United States, at Phippsburg 
and Rumford, Maine; near Amity, New York; Inyo County, Cali- 
fornia; in Canada at Litchfield, Pontiac County; at Grenville, 
Ontario; at Templeton, Quebec. 


ZIRCON GROUP. 


Zircon. 


Composition. ZrSiO, = Silica 32.8, zirconia 67.2. 
Crystallization. Tetragonal. Crystals usually show a simple 
combinution of prism and pyramid of the first order (Figs. 317 
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and 318). The prism of the second order and a ditetragonal 
pyramid also at times observed (Fig. 319). Base very rare. 


NY 


Fig. 317. Fig. 318. Fig. 319. 


Crystal forms and axial ratio prove a close relationship between 
zircon and cassiterite and rutile. 

Structure. Usually crystallized; also in irregular grains. 

Physical Properties. H.=7.5. G.=4.68. Luster adaman- 
tine. Usually nearly opaque, sometimes transparent. Color 
commonly some shade of brown; also colorless, gray, green, red. 
Streak uncolored. High refractive index. 

Tests. Infusible. A small fragment when intensely ignited 
glows and gives off a white light. When fused with sodium car- 
bonate and fusion then dissolved in dilute hydrochloric acid, the 
solution will turn a piece of turmeric paper to an orange color 
(zirconium). Recognized usually by its characteristic crystals, 
color, luster, hardness and high specific gravity. 


Occurrence. Zircon is a common and widely distributed acces- 
sory mineral in all classes of igneous rocks. It is especially frequent 
in the more acid types such as granite, syenite, diorite, etc. Very 
common in nephelite-syenite. It is the first one among the silicates 
to crystallize out from a cooling magma. Found also commonly in 
crystalline limestone, in gneiss, schist, etc. Found frequently as 
rounded pebbles in stream sands; often with gold. Gem zircons 
are found in the stream sands at Matura, Ceylon. Occurs in the 
gold gravels in the Urals, Australia, ete. Found in the nephelite- 
syenites of Norway and of Litchfield, Maine. In considerable 
quantity in the sands of Henderson and Buncombe counties, North 


Carolina. , 
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Use. When transparent serves as a gem stone, valued usu- 
ally at $10 or less per carat. It is sometimes colorless, but more 
often of a brownish and red-orange color, called hyacinth or ja- 
cinth. The colorless, yellowish or smoky stones are called jar- 
gon, because while resembling the diamond they have little value; 
and thence the name zircon. Serves as the source of zirconium 
oxide, which with other rare oxides is used in the manufacture 
of the Welsbach incandescent mantle. 


Thorite. 


Thorium silicate, ThSiO,, always with some water, probably from 
alteration, and sometimes uranium, Tetragonal. Crystal forms 
resemble those of zircon. Also massive. Resinous to greasy luster. 
H.= 4.5-5. G. = 4.8-5.2. Color orange-yellow, brown, black. 
Transparent to opaque. Infusible. Soluble in hydrochloric acid 
and gives gelatinous silica upon evaporation. A rare mineral, found 
chiefly in Norway, commonly altered. For uses, of thorium see 
under monazite. 


DANBURITE-TOPAZ GROUP. 
Danburite. 


Composition, Calcium-boron silicate, CaB.(SiO,).. 

Crystallization. Orthorhombic. Prismatic crystals, closely 
related to those of topaz in habit. 

Structure. Commonly in crystals. 

Physical Properties. H.= 7-7.25. G.= 2.97-3.02. Vitre- 
ous luster. Colorless or pale yeliow. Transparent to translu- 
cent. 

Tests. Fusible (3.5-4), giving a green flame. Insoluble in 
acids. 


Occurrence. Found in crystals at Danbury, Conn.; Russell, 
New York; eastern Switzerland; Japan. 


Topaz. 


Composition. (AI.F),SiO, with isomorphous(Al.OH),SiO,. 
Crystallization. Orthorhombic. In prismatic crystals termi- 
nated by pyramids, domes and basal plane (Figs. 320, 321 and 
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322). Often highly modified (Fig. 323). Prism faces often ver- 
tically striated. 


Fig. 323. 


Fig. 320. Fig. 321. 


Structure. In crystalline masses; also granular, coarse or 
fine. 

Physical Properties. Perfect basal cleavage. H.=8 (unusu- 
ally high). G.=3.52-3.57. Vitreous luster. Colorless, yellow, 
yellow-brown, pink, bluish, greenish. Transparent to trans- 
lucent. 

Tests. Infusible. Insoluble. Recognized chiefly by its erys- 
tals, its basal cleavage, its hardness (8) and high specific gravity. 


Occurrence. A mineral formed through the agency of fluorine- 
bearing vapors given off during the last stages of the solidification 
of igneous rocks. Found in cavities in rhyolite lavas and granite; 
a characteristic mineral in pegmatite veins. Associated with other 
pneumatolytic minerals, as tourmaline, cassiterite, apatite, fluorite, 
etc.; also with quartz, mica, feldspar. Found at times as rolled 
pebbles in stream sands. Notable localities for its occurrence are 
the Nerchinsk district in Siberia in large wine-yellow crystals; from 
Adunchilon and Mursinka, Siberia, in pale blue crystals; from 
various tin localities in Saxony; from Minas Geraes, Brazil; Mino 
Province, Japan; San Luis Potosi, Mexico; Pike’s Peak and Nath- 
rop, Colorado; Thomas Range, Utah; Stoneham, Maine. 


Name. Derived from the name of an island in the Red Sea 
but originally probably applied to some other species. 

Use. Asa gemstone. A number of other inferior stones are 
also frequently called topaz. The color of the stones varies, 
being colorless, wine-yellow, golden brown, pale blue and pink. 
The pink color is usually artificial, being produced by gently 
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heating the dark yellow stones; it is permanent, however. The 
value of topaz ranges up to $10 for a one-carat stone. 


Andalusite. Chiastolite. 


Composition. Aluminium silicate, Al,SiO;= Silica 36.8, alu- 
mina 63.2. 

Crystallization. Orthorhombic. Usually in coarse, nearly 
square prisms. Closely related crystallographically to topaz. 

Structure. In crystals; massive. 

Physical Properties. H.= 7.5. G. = 3.16-3.20. Vitreous 
luster. Flesh-red, reddish brown, olive-green. Often with dark 
colored carbonaceous inclusions forming a 
cruciform design, lying parallel to the axial 
zs directions (variety chiastolite or macle) (see 
~ 4 Fig.324). Transparent to opaque. At times 
strongly dichroic, appearing, in transmitted 
light, green in one direction and red in another. 

Tests. Infusible. Insoluble. When fine 


Fig. 324. powder is made into a paste with cobalt 
Cross Section of Chi- nitrate and intensely ignited it turns blue 
astolite Crystal. 


(aluminium). 


Occurrence. Found in schists. Often impure and commonly, 
at least partly altered. Notable localities are in Andalusia, Spain; 
the Tyrol; in water-worn pebbles from Minas Geraes, Brazil. In 
the United States at Standish, Maine; Westford, Lancaster and 
Sterling, Massachusetts; Litchfield and Washington, Connecticut; 
Delaware County, Pennsylvania. Chiastolite is found in Morihan, 
Brittany; Bimbowrie, South Australia; and Massachusetts. 


Use. When clear and transparent may serve as a gem stone. 


Sillimanite. Fibrolite. 


An aluminium silicate like andalusite, Al,SiO;. An orthorhombic 
mineral, occurring in long slender crystals without distinet termina- 
tions; often in parallel groups; frequently fibrous. Perfect pina- 
coidal cleavage. H.= 6-7. G. = 3.23. Color hair-brown to pale 
green. ‘Transparent to translucent. Infusible. Insoluble. <A 
comparatively rare mineral, found as an accessory constituent of 
metamorphic rocks; gneiss, mica-schist, etc. 
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Cyanite. 

Composition. Aluminium silicate, like andalusite and silli- 
manite, Al.SiO,. 

Crystallization. Triclinic. Usually in long tabular crystals; 
terminations rare. 

Structure. In bladed forms. 

Physical Properties. Perfect pinacoidal cleavage. H. = 5 
parallel to length of crystals, 7 at right angles to this direction. 
G. = 3.56-3.66. Vitreous to pearly luster. Color usually blue, 
often of darker shade toward the center of the crystal. Also at 
times white, gray or green. 

Tests. Infusible. Insoluble. A fragment moistened with 
cobalt nitrate and ignited assumes a blue color (aluminium). 
Characterized by its bladed crystals, good cleavage, blue color 
and the fact that it is softer than a knife in the direction parallel 
to the length of the crystals but harder than a knife in the 
direction at right angles to this. 

Occurrence. An accessory mineral in gneiss and mica-schist, 
often associated with garnet, staurolite, corundum, etc. Notable 
localities for its occurrence are St. Gothard, Switzerland; in the 

. Tyrol; Litchfield, Connecticut; Chester and Delaware counties, 
Pennsylvania; Gaston, Rutherford and Yancey counties, North 
Carolina. 


Name. Derived from a Greek word meaning blue. 


Datolite. 


Composition. A basic ortho- 
silicate of calcium and boron, 
Ca(B.OH)SiO, = Silica 37.6, bo- 
ron trioxide 21.8, lime 35, water 


5.6. g Ne 
Crystallization. Monoclinic. (| ae, 
Habit varied. Crystals usually > A 


nearly ‘equidimensional in the Mx 
three axial directions and often 

complex in development (Fig. Pray i 

B20) Fig. 325. 


Mx 
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Structure. In crystals. Coarse to fine granular. Sometimes 
compact. | 

Physical Properties. H. = 5-5.5. G. = 2.8-3. Vitreous lus- 
ter. Colorless, white, yellow. Often with faint greenish tinge. 
Transparent to translucent, rarely opaque. 

Tests. Fuses at 2-2.5 to a clear glass and colors the flame 
green (boron). Soluble in hydrochloric acid and yields gelati- 
nous silica on evaporation. Gives a little water in C.T. Char- 
acterized by its glassy luster, pale green color, and its crystals 
with many and usually irregularly developed faces. 


Occurrence. A mineral of secondary origin, found usually in 
cavities in basalt lavas and similar rocks. Associated with various 
zeolites, with calcite, prehnite, etc. Occurs associated with the 
trap rocks of Massachusetts, Connecticut and New Jersey, particu- 
larly at Westfield, Massachusetts, and Bergen Hill, New Jersey. 
Found associated with the copper deposits of Lake Superior. 


Name. Derived from a Greek work meaning to divide, allud- 
ing to the granular structure of a massive variety. 


A rare mineral belonging to the Datolite Group is gadolinite, 
BesFeY2S8i20 10. 


EPIDOTE GROUP. 
Zoisite. 


Composition. HCaAl;8i;0,2. = Silica 39.7, alumina 33.7, lime 
24.6, water 2.0. 

Crystallization. Orthorhombic. Prismatic crystals usually 
without distinct terminations. Vertically striated. 

Structure. In crystals; also massive. 

Physical Properties. H. = 6-6.5. G. = 3.25-3.37. Vitre- 
ous luster. Color grayish white, green, pink. Transparent to 
almost opaque. 

Tests. uses at 3-4 with intumescence to a light colored slag. 
Yields a little water on intense ignition in C. T. 


Occurrence. Usually in crystalline schists with one of the am- 
phiboles. Thulite is a rose-pink variety. 
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Epidote. 

Composition. Ca,(Al.OH)(Al,Fe).(SiO,);. Iron occurs in 
varying amounts isomorphous with both the aluminium and cal- 
cium. 

Crystallization. Monoclinic. Crystals are often much elon- 
gated parallel to the ortho-axis with a prominent development 
of the faces of the orthodome zone, 
giving them a prismatic aspect. 
Striated parallel to the ortho-axis. 
Terminated usually only at one end 
of the ortho-axis and most com- 
monly by the two faces of a pyra- 
mid (Fig. 326). Twinning shown at times. 

Structure. Usually coarse to fine granular. In crystals. At 
times fibrous. 

Physical Properties. Perfect basal cleavage. H.=6-7. G.= 
3.37-3.45. Vitreous luster. Color usually pistachio-green or 
yellowish to blackish green, sometimes gray. Transparent to 
opaque. _ Transparent varieties often show strong dichroism, 
appearing dark green in one direction, and brown in a direction 
at right angles to the first. 

Tests. Fuses at 3-4 with intumescence to a black slag. On 
intense ignition in C. T. yields a little water. 

Occurrence. Epidote occurs commonly in the crystalline meta- 
morphic rocks; as gneiss, amphibolite and various schists. Is 
formed frequently also during the metamorphism of an impure 
limestone. Is the product of alteration of such minerals as feldspar, 
pyroxene, amphibole, biotite, scapolite, etc. Often associated with 
chlorite. Notable localities for its occurrence in fine crystals are 
Knappenwand, Unterzulzbachthal, Tyrol; Bourg d’Oisans, Dau- 
phiné, the Ala Valley and Traversella, Piedmont; Prince William 
Island, Alaska; Haddam, Connecticut; Riverside, California. 


Allanite. 


A mineral similar to epidote in composition, but containing con- 
siderable amounts of the cerium metals, cerium, lanthanum and 
didymium, and sometimes with smaller amounts of yttrium and 
erbium. Composition complex and widely varying. Monoclinic, 


Fig. 326. 
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habit of crystals often similar to epidote. Commonly massive and 
in embedded grains. H. = 5.5-6.. G. = 3.5-4.2. Submetallic to 
pitchy and resinous luster. Brown to pitch-black color. Fuses at 
2.5 with intumescence. Sometimes magnetic after heating. Gelati-- 
nizes in acids. Occurs as a minor accessory constituent in many 
igneous rocks. Frequently associated with epidote. 


Axinite. 
Composition. Ca;Al,B:(SiO.).; with varying amounts of fer- 
rous iron, manganese, magnesium and hydrogen isomorphous 
with the calcium, and ferric iron with the 


aluminium. 
ie Crystallization. Triclinic. Crystals 


usually thin with sharp edges but varied 
in habit (Fig. 327). 

Structure. In crystals. Massive, la- 
mellar to granular. 

Fig. 327. Physical Properties. Pinacoidal cleay- 
age. H.=6.5-7. G.=3.27-3.35. Vitreous luster. Color 
clove-brown, gray, green, yellow. Transparent to opaque. 

Tests. Fusible at 2.5-3 with intumescence. When mixed 
with potassium bisulphate and fluorite and the mixture heated 
on platinum wire gives a green flame (boron). 

Occurrence. Notable localities for its occurrence are Bourg 
d’Oisans in Dauphiné; St. Just, Cornwall; Obira, Japan; Franklin 
Furnace, New Jersey, ete. < 

Name. Derived from a Greek word meaning az, in allusion 
to the wedgelike shape of the crystals. 


Prehnite. 

Composition. H,CasAl,Si;0;. = Silica 43.7, alumina 24.8, 
lime 27.1, water 4.4. 

Crystallization. Orthorhombic. Distinct crystals rare. 

Structure. Reniform, stalactitic. In rounded groups of tab- 
ular crystals. 

Physical Properties. H.= 6-6.5. G.= 2.8-2.95. Vitreous 
luster. Coicr usually light green, passing into white. Trans- 
lucent. 
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Tests. Fuses at 2.5 with intumescence to anenamel. Heated 
in C. T. yields water. Slowly acted upon by hydrochloric acid 
but gelatinizes after simple fusion. 

Occurrence. As a mineral of secondary origin lining amygdaloidal 
cavities in basalt, ete. Associated with zeolites, datolite, pectolite, 
- ealcite, ete. Occurs in the United States at Farmington, Connecti- 
cut; Paterson and Bergen Hill, New Jersey; Somerville, Massa- 
chusetts; Lake Superior copper district. Found also in various 
European localities. = 


4. SUBSILICATES. 
HUMITE GROUP. 

The three minerals, humite, Mg:[Mg(F,OH)]2[SiO,)2, chondro- 
dite, Mg;|Mg(F,OH)).[SiO,);, and clinohumite, Mg;,[Mg(F.OH)].- 
[Si0,]., are closely related chemically and crystallographically. 
They are characteristically found in crystalline limestones. 
Chondrodite is the most common in occurrence. 


Ilvaite, or lievrite, HCaFe,’’Fe’”Si,O,, is a rare mineral be- 

longing in this section. 
Calamine. 

Composition. Silicate of zinc, H.(Zn,O)SiO, = Silica 25, zine 
oxide 67.5, water 7.5. 

Crystallization. Orthorhombic; hemimorphic. Crystals usu- 
ally tabular parallel to the brachypinacoid. They show prism 
faces and are terminated above usually by a _-=> 


combination of macrodomes and_ brachy- Lt) 
domes and base, and below by a pyramid 
(Fig. 328). : 


Structure. Usually in crystal groups with 
the individuals attached at their lower (pyra- 
midal) ends and lying with their brachypinacoid XK 
faces in common. Crystals often divergent, 
giving rounded groups with slight reéntrant ong 
notches between the individual crystals, form- Siig 
ing knuckle or coxcomb masses. Also mammillary, stalactitic, 
massive and granular. 
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Physical Properties. Prismatic cleavage. H.=4.5-5. G.= 
3.4-3.5. Vitreous luster. Color white, sometimes with faint 
bluish or greenish shade; also yellow to brown. Transparent 
to translucent. Strongly pyroelectric. ? 

Tests. Fusible with difficulty at 5. Soluble in hydrochloric 
acid and yields gelatinous silica on evaporation. Fused on 
charcoal with sodium carbonate gives a nonvolatile coating of 
zine oxide (yellow when hot, white when cold). Gives water in 
C. T. Recognized usually by the characteristic grouping of its 
crystals, but may be obscure and to be determined only by above 
tests. 


Occurrence. A mineral of secondary origin, found in the oxidized 
portion of zinc deposits, associated with smithsonite, sphalerite, 
cerussite, anglesite, galena, etc. Usually with limestone rocks. 
Occurs at Altenberg and Moresnet, Belgium; Aix-la-Chapelle, Ger- 
many; in Carinthia; Hungary; Cumberland, England; Sterling 
Hill, near Ogdensburg, New Jersey; Friedensville, Pennsylvania; 
Wythe County, Virginia; with the zine deposits of southwestern 
Missouri. 

Name. Supposed to be derived from cadmia, a name given 
by the ancients to the silicate and carbonate of zinc. The 


mineral is called by English mineralogists hemimorphite or elec- 
tric calamine. 


Use. An ore of zinc. 


Tourmaline. 


Composition. A complex silicate of boron and aluminium, con- 
taining varying amounts of ferrous iron, magnesium, magnanese, 
calcium, sodium, potassium, lithium, hydroxyl and fluorine. 

Crystallization. | Hexagonal-rhombohedral; hemimorphic. 
Crystals usually prismatic, vertically striated. A triangular 
prism, with three faces, prominent, which with the tendency of 
the prism faces to be vertically striated and to round into each 
other gives the crystals usually a cross section like a spherical 
triangle (Fig. 329). Crystals are commonly terminated by base 
and low positive and negative rhombohedrons; sometimes 
scalenohedrons are present. When the crystals are doubly ter- 
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minated they usually show different forms at-the opposite ends 
of the vertical axis (hemimorphism) (Figs. 330 and 331). 


fen 


—_ 


Fig. 329. Fig. 330. Fig. 331. 


Structure. Usually in crystals. Sometimes massive com- 
pact; also coarse to fine columnar, either radiating or parallel. 

Physical Properties. Vitreous to resinous luster. Color 
varied, depending upon the composition. Common tourmaline 
with much iron is black, sometimes brown. More rarely light 
colored in fine shades of red, pink, green, blue, yellow, etc. 
Rarely white or colorless. A single crystal may show several 
different colors either arranged in concentric bands about the 
center of the crystal or in transverse layers along its length. 
Strongly pyroelectric; i.e., when cooling from being heated to 
about 100° C. it develops positive electricity at one end of the 
crystal and negative at the other, which enables the crystal to 
attract and hold bits of paper, etc. Strongly dichroic; i.e., light 
traversing the crystal in one direction may be of quite a different 
color or shade of color from that traversing the crystal in a 
direction at right angles to the first. 

Tests. To be recognized usually by the characteristic rounded 
triangular cross section of the crystals; absence of prismatic 
cleavage, coal-like fracture of black variety. 


Occurrence. Tourmaline is one of the most common and charac- 
teristic minerals formed by pneumatolytic action. That is, it is a 
mineral that has been formed at high temperatures and pressures 
through the agency of vapors carrying boron, fluorine, etc. It is 
found, therefore, commonly as an accessory mineral in pegmatite 
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veins, or dikes, occurring with granite intrusions. Associated with 
the ordinary minerals of granite pegmatite, orthoclase, albite, quartz 
and muscovite; also with lepidolite, beryl, apatite, fluorite, etc. 
Found also as an accessory mineral in metamorphic rocks, such as 
gneisses, schists and crystalline limestones. , 

The black tourmaline is of widespread occurrence as an accessory 
mineral in metamorphic rocks. The light colored gem varieties 
are found in the pegmatite dikes. Famous localities for the occur- 
rence of the gem tourmalines are the island of Elba; in the state of 
Minas Geraes, Brazil; Ural Mountains near Ekaterinburg; Mada- 
gascar; Paris and Auburn, Maine; Haddam Neck, Connecticut; Mesa 
Grande, Pala, Rincon and Ramona in San Diego County, California. 

Name. The name tourmaline comes from turamali, a name 
given to the early gems from Ceylon. 

Use. Tourmaline forms one of the most beautiful of the semi- 
precious gem stones. The color of the stones varies, the princi- 
pal shades being olive-green, pink to red and blue. Sometimes 
a stone is so cut as to show different colors in different parts. The 
green-colored stones are usually known by the mineral name, 
tourmaline, or as Brazilian emeralds. The red or pink stones 
are known as rubellite, while the rarer dark blue stones are called 
indicolite. 

Staurolite. 

Composition. A ferrous iron-aluminium silicate, HAI,Fe- 
Si2Ois. 

Crystallization. Orthorhombic. Habit prismatic, showing 
usually a combination of prism with large angle (130°), brachy- 


Se EA 
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Fig. 332. Fig. 333. Fig. 334. 


pinacoid, base and macrodome (Fig. 332). Cruciform twins 
very common; of two types, (1) in which the two individuals 
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cross at nearly 90° (Fig. 333), (2) in which they cross at nearly 
60° (Fig. 334). Sometimes both types are combined in one 
crystal. 

Structure. Usually in crystals. 

Physical Properties. H.= 7-7.5. G. = 3.65-3.75. Resin- 
ous to vitreous luster, for pure and fresh material; often dull to 
earthy when altered or impure. Color red-brown to brownish 
black. Translucent to opaque. 

Tests. Infusible. Insoluble. On intense ignition in C. T. 
yields a little water. Often very impure. Recognized by its 
characteristic crystals and twins. 


Occurrence. Staurolite is an accessory mineral in metamorphic 
rocks; in crystalline schists, slates, and sometimes in gneisses. 
Often associated with garnet, cyanite, sillimanite, tourmaline. No- 
table localities for its occurrence are Monte Campini, Switzerland; 
in Brittany; Minas Geraes, Brazil; Windham, Maine; Franconia 
and Lisbon, New Hampshire; Chesterfield, Massachusetts; Fannin 
County, Georgia. 


Name. Derived from a Greek word meaning cross, in allusion 
to its cruciform twins. 
Use. Occasionally a transparent stone from Brazil is cut as a 


gem. 


HYDROUS SILICATES. 
ZEOLITE DIVISION. 
INTRODUCTORY SUBDIVISION. 
Apophyllite. 


Composition. H,KCa,(SiO,);.43H.O. Usually contains a 
small amount of fluorine. 

Crystallization. Tetragonal. Usually shows a combination 
of prism of second order, pyramid of first and basal plane (Figs. 
335 and 336). Small faces of a ditetragonal prism sometimes 
observed (Fig. 337). Prism faces show vertical striations and 
have a vitreous luster, while base shows pearly luster. Crys- 
tals may resemble an isometric combination of cube and octa- 
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hedron, but are shown to be tetragonal by difference in luster 
between faces of prism and base. 


NN ra 
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Fig. 335. Fig. 336. Fig. 337. 


Structure. In crystals; also massive and lamellar. 

Physical Properties. Perfect basal cleavage. H. = 4.5-5. 
G. = 2.3-3.4. Luster of base pearly, other faces vitreous. 
Color usually colorless, white or grayish; may show pale shades 
of green, yellow, rose. Usually transparent, rarely nearly 
opaque. 

Tests. Fuses easily with swelling to a white vesicular enamel. 
Colors the flame pale violet (potassium). Yields 16 per cent 
of water in C. T. Decomposed by hydrochloric acid with 
separation of silica but without the formation of a jelly. Solu- 
tion gives little or no precipitate with ammonia but gives an 
abundant white precipitate with ammonium carbonate (calcium 
carbonate). Recognized usually by its crystals, color, luster and 
basal cleavage. 


Occurrence. Occurs commonly as a secondary mineral lining 
cavities in basalt and related rocks. Associated with various zeo- 
lites, with calcite, datolite, pectolite, etc. Found in fine crystals at 
Bergen Hill, New Jersey; Cliff Mine, Lake Superior copper district; 
Table Mountain, near Golden, Colorado; mercury mines, New Al- 
maden, California; Nova Scotia; Guanjuato, Mexico; near Bombay, 
India; Andreasberg, Harz Mountains; Faréer Islands; Iceland; 
Greenland, ete. 


Name. Apophyjllite, named from two Greek words meaning 
to get leaves, hecause of its tendency to exfoliate when ignited. 
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ZEOLITES. 


The zeolites form a large family of hydrous silicates which 
show close similarities in composition and in their associations 
and mode of occurrence. They are silicates of aluminium with 
sodium and calcium as the important bases. They average 
from 3.5 to 5.5 in hardness and from 2 to 2.4 in specific gravity. 
Many of them fuse readily with marked intumescence, hence the 
name zeolite, from two Greek words meaning to boil and stone. 
They are secondary minerals found characteristically in cavities 
and veins in basic igneous rocks. 


Heulandite. 


Composition, H,CaAl.(SiO;)s.3H,O. Monoclinic, but crystals 
often simulate orthorhombic symmetry. Clinopinacoid prominent, 
having often a diamond shape. Perfect cleavage parallel to clino- 
pinacoid. H. = 3.5-4. G. = 2.15-2.2. Vitreous luster, except on 
clinopinacoid, which is pearly. Color white, yellow, red. Trans- 
parent to almost opaque. Fusible (3) with intumescence. Decom- 
posed by hydrochloric acid with separation of silica. Water in C. T. 
A mineral of secondary origin found in cavities of basic igneous 
rocks associated with other zeolites, calcite, etc. Found in notable 
quality in Iceland; the Faréer Islands; British India; Nova Scotia. 


Phillipsite. 


Composition, (K2,Ca)AlLSi0v.43H20. Monoclinic. Crystals 
are uniformly penetration twins but often appearing to be tetragonal 
or orthorhombic in form. Cleavage parallel to base and clinopina- 
ecoid. H. = 44.5. G. = 2.2. Vitreous luster. White or reddish 
in color. Translucent to opaque. Fuses at 3 to a white enamel. 
Gelatinizes with hydrochloric acid. Water in C. T. A secondary 
mineral found in cavities of igneous rocks associated with other 
zeolites, etc. 

Harmotone. 


A barium zeolite having the composition (K»,Ba)A],Si,0.2..3H.0. 
Monoelinic. Crystals are uniformly cruciform penetration twins. 
Perfect cleavage parallel to clinopinacoid. H. = 4.5. G. = 2.4- 
2.5. Vitreous luster. Colorless or white. Translucent. Fuses at 
3. Decomposed by hydrochloric acid with separation of silica. 
Addition of sulphuric acid to hydrochloric acid solution gives a 
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white precipitate of barium sulphate. Water in C. T. A mineral of 
secondary origin, occurring in cavities of basic igneous rocks, asso- 
ciated with other zeolites, calcite, etc. 


Stilbite. Desmine. 


Composition. (Nas,Ca)ALSi,01s.6H20. 

Crystallization. Monoclinic. Uniformly in cruciform twins. 
Commonly tabular parallel to clinopinacoid. Crys- 
tals usually in sheaflike aggregates (Fig. 338). 

Structure. In crystal groups, divergent or radi- 
ated. 

Physical Properties. Perfect cleavage parallel 
to clinopinacoid. H. = 3.5-4. G. = 2.1-2.2. Vit- 
reous luster; pearly on clinopinacoid. Color white, 
yellow, brown, red. Translucent. 

Tests. Fuses with intumescence at 3. Decom- 
posed by hydrochloric acid with separation of silica 
but without the formation of a jelly. Water in 
C.T. Characterized chiefly by its cleavage, pearly 
luster on the cleavage face and common sheaflike groups of 
crystals. 


Fig. 338. 


Occurrence. Amineral of secondary origin found in amygdaloidal 
cavities in basalts and related rocks. Found associated with other 
zeolites, calcite, ete. Notable localities for its occurrence are Poo- 
nah, India; Isle of Skye; Firéer Islands; Kilpatrick, Scotland; Ice- 
land; Nova Scotia. 


Name. Derived from a Greek word meaning luster. 


Laumontite. 


A zeolite with composition H,CaAlSisOy.2H.O. Monoclinic. 
In prismatic crystals with oblique terminations; columnar. Cleay- 
age parallel to prism and clinopinacoid. H. = 3.5-4. G. = 2.25- 
2.35. Vitreous to pearly luster. Color white or gray. Alters on 
exposure, becoming opaque and pulverulent. Fusible (2.5). Gelat- 
inizes in acids. WaterinC.T,. Found as a mineral of secondary 
origin in cavities of basic igneous rocks, associated with other zeo- 
lites, ete. 
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Chabazite. 


Composition. Usually corresponds to (Ca,Na,)Al.Si,O12.6H.O 
but different analyses show considerable variation from this 
formula, so that the composition is still uncertain. 

Crystallization. Hexagonal-rhombohedral. Common form 
is the simple rhombohedron r, having nearly cubic angles. May 
show several different rhombo- 
hedrons (Fig. 339). Often in 
penetration twins. 

Structure. Usually in crys- 
tals. q aes 

Physical Properties. H. = 
4-5. G.= 2.05-2.15. Vitreous 
luster. Color white, yellow, ee 
flesh-red. Transparent to trans- 
lucent. 

Tests. Fuses with swelling at 3. Decomposed by hydro- 
chloric acid with the separation of silica but without the for- 
mation of a jelly. Solution after filtering off silica gives pre- 
cipitate of aluminium hydroxide with ammonia, and in filtrate 
ammonium carbonate gives white precipitate of calcium carbo- 
nate. Gives much water in C. T. Recognized usually by its 
crystals. 

Occurrence. A mineral of secondary origin found usually with 
other zeolites, lining amygdaloidal cavities in basalt. Notable 
localities for its occurrence are the Faréer Islands; Greenland and 
Iceland; the Giant’s Causeway, Ireland; at Aussig, Bohemia; in 
Nova Scotia, etc. 

Name. Chabazite is derived from a Greek word which was 
an ancient name for a stone. 

Gmelinite, (Na2z,Ca) Al,SisO12.6H20, is closely related to chaba- 
zite but rarer in occurrence. : 

Analcite. 
Composition. Hydrous sodium-aluminium metasilicate, 


NaAISi.0;.H.O = Silica 54.5, alumina 23.2, soda 14.1, water 
8.2. Note similarity in composition to leucite, KAISi,Os. 


Fig. 339, 
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Crystallization. Isometric. Usually in trapezohedrons (Fig. 
340). Cubes with trapezohedral truncations also known (Fig. 
341). 


Fig. 340. Fig. 341. 


Structure. Usually in crystals, also massive granular. 

Physical Properties. H.=5-5.5. G.= 2.27. Vitreous lus- 
ter. Colorless or white. Transparent to nearly opaque. 

Tests. Fusible at 3.5, becoming first opaque and then a clear 
glass. Colors the flame yellow (sodium). Decomposed by hy- 
drochloric acid with the separation of silica without the forma- 
tion of a jelly. Gives water in C. T. Usually recognized by its 
crystals and its vitreous luster. 

Occurrence. Commonly a secondary mineral, formed by the 
action of hot circulating waters, and is to be found deposited in the 
cavities of igneous and especially voleanic rocks. Associated with 
calcite, and various zeolites and related minerals. Fine crystals 
found at Bergen Hill, New Jersey; in the Lake Superior copper 
district; at Table Mountain, near Golden, Colorado; at Cape 
Blomidon, Nova Scotia; in the Cyclopean Islands near Sicily; in 
the Fassathal, Tyrol; on the Faréer Islands; in Iceland. 

Name. Derived from a Greek word meaning weak, in allusion 
to its weak electric power when heated or rubbed. 


Natrolite. 
Composition. NasAlSis0i.2H,O. A zeolite. 
Crystallization. Orthorhombic. Crystals usually slender 
prismatic, often acicular. Prism zone vertically striated. Some- 
times terminated by low pyramid. Crystals often appear to 
be tetragonal in symmetry. Sometimes in cruciform twins. 


MICA GROUP 2T1 


Structure. Usually in radiating crystal groups (see Fig. C, 
pl. II); also fibrous, massive, granular or compact. 

Physical Properties. Perfect prismatic cleavage. H.=5-5.5. 
G. = 2.25. Vitreous luster. Colorless or white. Sometimes 
tinted yellow to red. Transparent to translucent. 

Tests. Easily fusible (2.5) to a clear, transparent glass giving 
a yellow (sodium) flame. Water in C. T. Soluble in hydro- 
ehlorie acid and gelatinizes upon evaporation. Recognized 
chiefly by its radiating acicular crystals. 

Occurrence. A mineral of secondary origin, found lining amygda- 
loidal cavities in basalt, ete. Associated with other zeolites, calcite, 
ete. Notable localities for its occurrence are Aussig and Teplitz, 
Bohemia; Puy de Dome, France; Fassathal, Tyrol; Kapnik, Hun- 
gary; in various places in Nova Scotia; Bergen Hill, New Jersey; 
copper district, Lake Superior. 


Scolecite. 


A zeolite with composition CaAlSiz0i.3H,O. Monoclinic. In 
slender prismatic, twinned crystals. In radiating groups. Some- 
times fibrous. Prismatic cleavage. H. = 5-5.5. G. = 2.16-2.4. 
Vitreous luster; silky when fibrous. Colorless or white. Trans- 
parent to almost opaque. Fuses at 2.5 to a voluminous frothy slag. 
Gelatinizes in acids. WaterinC.T. A mineral of secondary origin, 
found lining cavities in basic igneous rocks, associated with other 
zeolites, ete. 

Thomsonite. 

A zeolite, having the composition (NagCa)Al,(SiO,)2.23H.0. 
Orthorhombie but distinct crystals rare. Commonly columnar 
with radiated structure. Perfect pinacoidal cleavage. H.= 5-5.5. 
G. = 2.3-2.4. Vitreous luster. Colorless, white, gray. Transparent 
to translucent. Fuses with intumescence at 2-2.5. Soluble and 
gelatinizes in acids. Much water inC.T. Occurs in amygdaloidal 
cavities in basalt, etc., associated with other zeolites. 


MICA DIVISION. 
MICA GROUP. 

The micas form a series of complex silicates of aluminium with 
potassium and hydrogen, also often magnesium, ferrous iron, 
and in some varieties, sodium, lithium, ferric iron. More rarely 
manganese, chromium, barium, fluorine and titanium are present 
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in small amounts. The composition of many of the micas is 
not definitely understood and the formulas assigned to them 
are only approximate. 

They crystallize in the monoclinic system but with an bets 
inclination of practically 90°, so that their monoclinic sym- 
metry is not clearly seen. The crystals are usually tabular with 
prominent basal planes, and have either a diamond- or hexagonal- 
shaped outline with angles of 60° and 120°. The crystals, as a 
rule, therefore, appear to be either orthorhombic or hexagonal 
in their symmetry. They are all characterized by a very perfect 
basal cleavage. 

They form an isomorphous series, and various gradations 
between the different members occur. Their isomorphism is 
further indicated by two members of the group frequently 
crystallizing together, with.a parallel position, in the same 
crystal plate. Biotite occurs crystallizing in this way with 
muscovite, and muscovite with lepidolite, ete. 

The important members of the group follow: 


Muscovite, H.KAI3(Si04)3. 
Lepidolite, KLi{Al.2(0H,F)]JAI(SiOs)s. 
Biotite, (H,K).(Mg,Fe).Al,(SiO4)s. 
Phlogopite, H.KMg;Al1(Si0,)3? 
Lepidomelane, pe K)2Fes(Fe,Al)«(SiO«) 5? 
3 fron (b0re .a bao 
fede Comet Mica. 

Composition. H,KAI,(SiO,);. Contains also frequently small 
amounts of ferrous and ferric iron, magnesium, calcium, sodium, 
lithium, fluorine, titanium, ete. 

Crystallization. Manostrat with axial angle nearly 90°. - 
Occurs in tabular crystals with prominent base. The pres- 
ence of prism faces having angles of 60° and 120° with each 
other gives the plates a diamond-shaped outline, making them 
simulate orthorhombic symmetry. If the clinopinacoid faces 
are also present, the crystals become hexagonal in outline with 
apparently hexagonal symmetry. The prism faces are roughened 
by horizontal striations and frequently taper. 
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Structure. Foliated in large to small sheets; in scales which 
are sometimes aggregated into plumose or globular forms. Dis- 
tinct erystals comparatively rare. 

Physical Properties. [Extremely perfect cleavage parallel to 
base, allowing the mineral to be split into excessively thin sheets. 
Folia flexible and elastic. H. = 2-2.5. G. = 2.76-3. Vitre- 
ous to silky or pearly luster. Transparent and almost colorless 
in thin sheets. In thicker blocks, opaque with light shades of 
brown and green. May be yellow to white. Some crystals are 
translucent when viewed perpendicular to the prism zone but 
opaque in a direction perpendicular to the base. 

Tests. Fusible at 4.5-5. Unattacked by boiling hydro- 
chloric or sulphuric acids. Characterized by its micaceous 
structure and light color. Told from phlogopite by its not being 
decomposed in sulphuric acid and from lepidolite by not giving 
a crimson flame B. B. 


Occurrence. A widespread and very common rock-making min- 
eral. Found in such igneous rocks as granite and syenite. Espe- 
cially characteristic of pegmatite veins, and found lining cavities 
in granites, where it has evidently been formed by the action of 
mineralizing vapors during the last stages of the formation of the 
rock. Muscovite is chiefly characteristic of the deep-seated igneous 
rocks, and is not found in the recent eruptive rocks. Also very 
common in metamorphic rocks, as gneiss and schist, forming the 
chief constituent in certain mica-schists. In some schistose rocks 
it occurs in the form of fibrous aggregates of minute scales having a 
silky luster, but which do not show so plainly the characters of the 
mineral. This variety is known as sericite, and is usually the prod- 
uct of alteration of feldspar. Muscovite also originates, as the 
alteration product of several other minerals, as topaz, cyanite, 
spodumene, adalusite, scapolite, ete. Pinite is a name given to the 
micaceous alteration product of various minerals, and which corre- 
sponds in composition more or less closely to muscovite. 

In the pegmatite veins, muscovite occurs associated with quartz 
and feldspar, with tourmaline, beryl, garnet, apatite, fluorite, etc. 
It is found often in these veins in large blocks, which are at times 
several feet across. 

Muscovite is found in the United States in commercial deposits 
chiefly in the Appalachian and Rocky Mountain regions. The 
most productive pegmatite veins occur in North Carolina, mostly 
in Mitchell, Yancey, Haywood, Jackson and Macon counties, and 
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in the Black Hills of South Dakota. Of less importance are the 
deposits in Colorado, Alabama and Virginia. Muscovite has been 
mined in New Hampshire, Maine and Connecticut. Large deposits 
are found in Canada in the township of Grenville, east of Ottawa, 
and in a district to the east of Quebec. Large and important 
deposits occur in India. 


Name. Muscovite was so called from the popular name of the 
mineral, Muscovy-glass, because of its use as a substitute for 
glass in Russia. Mica was probably derived from the Latin 
micare, meaning to shine. 

Use. Used chiefly as an insulating aS in the manufac- 
ture of electrical apparatus. Used as a transparent material 
(isinglass) for stove doors, lanterns, etc. Scrap mica, or the 
waste material in the manufacture of sheet mica, is used in many 
ways, as in the manufacture of wall papers to give them a shiny 
luster; as a lubricant when mixed with oils; as a noneonductor 
of heat and as a fireproofing material. 


Lepidolite. 


Composition. Lithia mica, KLi[Al.2(0H.F)|AI(SiO;);. 

Crystallization. Monoclinic. Crystals usually in small 
plates or prisms with hexagonal outline. 

Structure. Commonly in coarse- to fine-grained scaly aggre- 
gates. 

Physical Properties. Perfect basal cleavage. H. = 2.5-4. 

= 2.8. Pearly luster. Color pink and lilac to grayish white. 

Translucent. 

Tests. Hasily fusible (2), giving a crimson flame (lithium). 
Insoluble in acids. Characterized chiefly by its micaceous 
structure and lilac to pink color. 


Occurrence. A comparatively rare mineral, found in pegmatite 
veins, usually associated with pink and green tourmaline, cassiterite, 
amblygonite, spodumene, ete. Often intergrown with muscovite in 
parallel position. Notable localities for its occurrence are at Roznau, 
Moravia; St. Michael’s Mount, Cornwall; western Maine at Hebron, 


Auburn, Norway, Paris, Rumford; Chesterfield, Massachusetts; San 
Diego County, California. 
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Name. Derived from a Greek word meaning scale. 
Use. A source of lithium compounds. 


Biotite. 


Composition. (H,K):(Mg,Fe):Al:(Si0,)s. _ 

Crystallization. Monoclinic. In tabular or short prismatic 
crystals with prominent basal planes. Crystals rare, frequently 
pseudorhombohedral. 

Structure. Usually in irregular foliated masses; often in dis- 
seminated scales or in scaly aggregates. 

Physical Properties. Perfect basal cleavage. Folia flexible 
and elastic. H.= 2.5-3. G.= 2.95-3. Splendent luster. Color 
usually dark green and brown to black. More rarely lighter 
yellow. Thin sheets usually have a smoky color (differing from 
the almost colorless muscovite). 

Tests. Difficultly fusible at 5. Unattacked by hydrochloric 
acid. Decomposed by boiling concentrated sulphuric acid, giv- 
ing a milky solution. Characterized by its micaceous structure, 
cleavage and dark color. 

Occurrence. An important and widely distributed rock-making 
mineral, but not as common as muscovite. Occurs in igneous rocks, 
especially those in which feldspar is prominent, such as granite and 
syenite. Found also in many felsite lavas and porphyries. Less 
common in the ferromagnesium rocks. Is also present in some 
metamorphosed rocks, as gneiss and schist. Occurs in fine crystals 
in the lavas of Vesuvius. 


Phlogopite. 

Composition. A magnesium mica, near biotite, but contain- 
ing no iron, H»KMg;Al(SiO,),(?). Usually contains about 3 per 
cent of fluorine. 

Crystallization. Monoclinic. Usually in six-sided plates or 
in tapering prismatic crystals. Crystals frequently large and 
coarse. 

Structure. In crystals or foliated masses. 

Physical Properties. Perfect basal cleavage. Folia flexi- 
ble and elastic. H. = 2.5-3. G. = 2.86. Luster vitreous to 
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pearly. Color yellowish brown, green, white, often with copper- 
like reflections from the cleavage surface. Transparent in thin 
sheets to opaque in the mass. 

Tests. Fusible at 4.5-5. Insoluble in hydrochloric acid. 
Decomposed by boiling concentrated sulphuric acid, giving a 
milky solution. Characterized by its micaceous structure, cleay- 
age and yellowish brown color. Told from muscovite by its 
decomposition in sulphuric acid and from biotite by its lighter 
color. But it is impossible to draw a sharp distinction between 
biotite and phlogopite. 

Occurrence. Occurs as a product of metamorphism in crystalline 
magnesium limestones or dolomitic marbles. Rarely found in ig- 
neous rocks. Notable localities are in Finland; Sweden; Campo- 
longo, Switzerland; Ceylon, etc. In North America, found chiefly 


in Jefferson and St. Lawrence counties, New York; at North and 
South Burgess, Ontario, and in various localities in Quebec, Canada. 


Name. Named from a Greek word meaning firelike, in allu- 
sion to its color. 
Use. Same as for muscovite. 


Lepidomelane. 


A mica, that may be regarded as a variety of biotite, characterized 
by the large amount of ferric iron that it contains, (H,K)sFe3(Fe,Al)<- 
(SiO,);(?). Monoclinic. In small hexagonal-shaped tables, or as 
an aggregate of minute scales. Perfect basal cleavage. H. = 3. 
G. = 3-3.2. Adamantine to pearly luster. Color black to green- 
ish black. Opaque or translucent in very thin laminz. Fuses at 
4.5-5 to a magnetic globule. Decomposed by hydrochloric acid. 
A comparatively rare mineral, found chiefly in pegmatitic granites 
and syenites. 


CLINTONITE GROUP. 


The minerals of this group are rare species that lie between 
the true micas and the chlorites. They resemble the micas in 
erystal forms, cleavage, etc., but differ physically in that their 
folia are brittle, and chemically in that they are basic in char- 
acter. ‘Ihe only species in the group that warrants description 
is margarite, 
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Margarite. 


A micaceous mineral with the composition H,CaAlSi,012.. Mono- 
_ clinic but seldom in distinct crystals. Usually in foliated aggregates. 
Perfect basal cleavage. H.=3.5-4.5 (harder than the true micas). 
G. =3.05. Luster vitreous to pearly. Color pink, white and gray. 
Translucent. Folia somewhat brittle. Fuses at 44.5. Unat- 
tacked by acids. Occurs usually with corundum and apparently as 
one of its alteration products. Found in this way with the emery 
deposits of Asia Minor; on the islands of the Greek archipelago; at 
Chester, Massachusetts; Chester County, Pennsylvania; with co- 
rundum deposits in North Carolina, ete. 


CHLORITE GROUP. 


A. somewhat ill-defined group of closely related micaceous 
minerals is known as the Chlorite Group or as the chlorites. 
They are so named on account of the characteristic green color 
that they show. They are silicates of aluminium with magne- 
sium, ferrous iron and hydroxyl. Ferric iron may replace the 
aluminium in small amount. Chromium and manganese may 
occur. Calcium and the alkalies, which are characteristic of 
the micas proper, are practically absent. The composition 
of these minerals is not fully understood. Their crystal forms 
are similar to those of the micas and they show a perfect basal 
cleavage. Their laminw, however, are tough and inelastic. 
Clinochlore is the most common member of the group. 


Clinochlore. Penninite. 


Composition. H,Mg,AlSisOi. See above. 

Crystallization. Monoclinic. In six-sided tabular crystals, 
with prominent basal planes. Similar in habit to the crystals 
of the mica group, but distinct crystals rare. Penninite is 
pseudorhombohedral in symmetry, otherwise it is identical with 
clinochlore. 

Structure. Usually foliated massive or in aggregates of 
minute scales; in finely disseminated particles; earthy. 

Physical Properties. Perfect basal cleavage. Folia flexible 
but not elastic. H. = 2-2.5. G. = 2.65-2.75. Vitreous to 
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pearly luster. Color green of various shades. Rarely pale 
green, yellow, white, rose-red. Transparent to opaque. 

Tests. Difficultly fusible, 5-5.5. Unattacked by hydro- 
chloric acid. Decomposed by boiling concentrated sulphuric 
acid, giving a milky solution. Characterized by its green color, 
micaceous structure and cleavage and by the fact that the folia 
are not elastic. 


Occurrence. A common and widespread mineral, always of sec- 
ondary origin. It results from the alteration of silicates containing 
aluminium, ferrous iron and magnesium, such as pyroxene, amphi- 
bole, biotite, garnet, vesuvianite, ete. To be found where rocks, 
containing such minerals, are undergoing metamorphic change. 
The green color of many igneous rocks is due to the chlorite into 
which the ferromagnesian silicates have altered. The green color of 
many schists and slates is due to finely disseminated particles of the 
mineral. 


Name. Chlorite is derived from a Greek word meaning green, 
in allusion to the common color of the mineral. Ua 


> Nats 9.0L 


Composition. A magnesium silicate, HsMg;Si,O,=Silica 44.1, 
magnesia 43.0, water 12.9. Ferrous iron and nickel may be 
present in small amount. 

Crystallization. Monoclinic (optically). Occurs, however, 
only in pseudomorphie crystals. 

Structure. Often in delicate fibers, which can be separated 
from each other (see Fig. D, pl. Il). Usually massive, but 
microscopically fibrous and felted. 

Physical Properties. H.= 2.5-5, usually 4. G. = 2.5-2.65. 
Luster greasy, waxlike in the massive varieties, silky when 
fibrous. Color olive to blackish green, yellowish green, white. 
Color often variegated, showing mottling in lighter and darker 
shades of green. Translucent to opaque. 

Tests. Infusible. Decomposed by hydrochloric acid with the 
separation of silica but without the formation of a jelly. Fil- 
tered solution, after being oxidized with nitric acid and having 
any iron precipitated by ammonium hydroxide, and the absence 


Serpentine. 
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of calcium proved by addition of ammonium oxalate, gives a 
precipitate of ammonium-magnesium phosphate with sodium 
phosphate. Water in C.T. Recognized by its variegated green 
color and its greasy luster or by its fibrous structure. 

Varieties. Jn Crystals. Occurs in crystals as pseudomorphs 
after various magnesian silicates, principally chrysolite, pyroxene, 
amphibole. 

Precious Serpentine. Massive, translucent, of light to 
dark green color. Often mixed with white marble and shows 
beautiful variegated coloring.. Frequently called verd antique 
marble. 

Ordinary Serpentine. Massive, opaque, of various shades of 
green. 

Chrysotile. The fibrous asbestiform variety, which is to be 
found in veins traversing the massive serpentine. This is the 
asbestos of commerce for the most part. 


Occurrence. A common mineral and widely distributed. Always 
as an alteration product of some magnesian silicate, especially chryso- 
lite, also pyroxene, amphibole, etc. Frequently associated with 
magnesite, chrysolite, chromite, ete. Found in both igneous and 
metamorphic rocks, sometimes in disseminated particles, sometimes 
in such quantity as to make up practically the entire rock-mass. 
Precious serpentine is found at Falun and Gulsjé, Sweden; Isle of 
Man; Cornwall, etc. The fibrous variety, chrysotile, comes from the 
Province of Quebec, Canada, just north of the Vermont line; from 
Vermont; New York; New Jersey; Grand Canyon, Arizona, etc. 


Name. The name refers to the green serpentlike cloudings 
of the massive variety. 

Use. The variety chrysotile is the chief source of asbestos. 
Fibrous amphibole (which see) is also used for the same purposes. 
The uses of asbestos depend upon its fibrous, flexible structure, 
which allows it to be woven into cloth, felt, ete., and upon 
its incombustibility and slow conductivity of heat. Asbestos 
products, therefore, are used for fireproofing and as an insulating 
material against heat and electricity. The massive mineral is 
often used as an ornamental stone and may at times be valuable 


as building material. 


280 MANUAL OF MINERALOGY 


Genthite. Garnierite. 


Nickel silicates of uncertain composition. Genthite contains mag-. 


nesium, Niz2Mg.Sis019.6H20(?) ; Garnierite, H2NiSiO«4(?). Amorphous, 
earthy to slightly botryoidal structure. As incrustations. H.= 
3-4. G. = 2:2-2.8. Earthy and dull luster. Color apple-green 
to white. Infusible. Difficultly decomposed by hydrochloric acid, 
giving separated silica. In O. F. color the borax bead brown. In 
C. T. blacken and give water. Genthite found with chromite at 
Texas, Lancaster County, Pennsylvania. Garnierite occurs in con- 
siderable amount, associated with serpentine and chromite, near 
Noumea, New Caledonia, and serves as an important ore of nickel. 


\ iy | ‘ 
Talc. Steatite. Soapstone. Yr Nu }9 


Composition. A magnesium silicate, H.Mg;(SiOs), = Silica 
63.5, magnesia 31.7, water 4.8. 

Crystallization. Monoclinic. Crystalsrare. Usually tabu- 
lar with rhombic or hexagonal outline. 

Structure. Foliated massive; sometimes in radiating foliated 
groups. Also compact. 

Physical Properties. Perfect basal cleavage. Thin folia 
somewhat flexible but not elastic. Sectile. H. = 1 (will make 
a mark on cloth). G. = 2.8. Pearly to greasy luster. Color 
apple-green, gray, white; in soapstone often dark gray or green. 
Translucent to opaque. Greasy feel. 

Tests. Difficultly fusible (5). Unattacked by acids. Char- 
acterized by its micaceous structure and cleavage, by its softness 
and greasy feel. To be distinguished from pyrophyllite by 
moistening a fragment with cobalt nitrate and heating intensely ; 
tale will assume a pale violet color, pyrophyllite a blue color, 

Varieties. oliated Talc. Light green or white, foliated, with 
a greasy feel. 


Steatite or Soapstone. Massive, with fine granular to crypto- ? 


crystalline structure. Gray to dark green colors; often impure, 
through the presence of such minerals as chlorite, tremolite, 
mica, ete. , 
Pseudomorphous. Is frequently pseudomorphous after such 
minerals as enstatite, pyroxene, amphibole, chrysolite, ete. 
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Occurrence. Talc is a mineral of secondary origin formed by 
the alteration of magnesium silicates, such as chrysolite, enstatite, 
pyroxene, amphibole, etc. Found at times in the igneous rocks, 
because of the alteration of such silicates, especially in peridotites 
and pyroxenites. Most characteristically found, however, in the 
metamorphic rocks, where it may form as soapstone, practically the 
entire rock-mass, or occur as a prominent constituent in the schistose 
rocks, as in tale-sehist. In the United States, tale or soapstone 
quarries are to be found chiefly along the line of the Appalachian 
Mountains, the mineral being produced in Vermont, Massachusetts, 
Rhode Island, New York, New Jersey, Pennsylvania, Maryland, 
Virginia, North Carolina, and Georgia. Important deposits are 
located in St. Lawrence County, New York, where the tale occurs 
in the form of beds of schist interstratified with limestones. It is 
associated here with tremolite and enstatite, from masses of which 
it has evidently been derived. Large deposits of soapstone occur in 
Virginia in a narrow belt running from Nelson County northeast 
into Albemarle County. It occurs here in sheets sometimes 100 or 
more feet in thickness. There is a long series of talc and soapstone 
deposits in Vermont, located along the east side of the Green Moun- 
tains. Tale has been mined in considerable quantity in Swain 
County, North Carolina. 


Use. In the form of slabs, soapstone is used extensively for 
wash tubs, sinks, table tops, electrical switchboards, hearth- 
stones, furnace linings, ete. An especially compact variety is 
used for the tips of gas burners, for tailors’ chalk, slate pencils, 
by the Chinese for carvings, etc. Talc is also used in a finely 
powdered form as a filler to give weight to paper, as a lubricant, 
for toilet powders, in paints, as a heat insulator, etc. 

ef 
Kaolin or Kaolinite. A l 103. aN 

Composition. An aluminium silicate, H,Al.5i,0,= Silica 46.5, 
alumina 39.5, water 14. ’ 

Crystallization. Monoclinic. In very minute, thin, rhombic 
or hexagonal-shaped plates. : 

Structure. Usually in claylike masses, either compact or 
friable. 

Physical Properties. Perfect basal cleavage. H. = 2-2.5. 
G. = 2.6-2.63. Luster usually dull earthy; crystal plates 
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pearly. Color white. Often variously colored by impurities. 
Usually unctuous and plastic. 

Tests. Infusible. Insoluble. Assumes a blue color when 
moistened with cobalt nitrate and ignited (aluminium). Recog- 
nized usually by its claylike character. 

Occurrence. Of widespread occurrence. The chief constituent 
of clay. Always a mineral of secondary origin, being derived by the 
alteration of aluminium silicates, particularly feldspar. It is found 
mixed with feldspar in rocks that are undergoing alteration; at 
times it forms entire beds where such alteration has been carried to 
completion. As one of the common products of the decomposition 
of rocks it gets into soils and being transported by water is deposited, 
mixed with quartz and other materials in lakes, etc., in the form of 
beds of clay. 

Name. Kaolin is a corruption of the Chinese, Kauling, a 
locality from which material was obtained for the manufacture 
of porcelain and which was thought to be the same as kaolin. 

Use. Used in the form of clay in making all kinds of pottery, 
stoneware, bricks, etc. The finer, purer grades of kaolin are 
used in the manufacture of porcelain, china, ete. 


Pyrophyllite. 

Composition. H,Al,(SiO;),=Silica 66.7, alumina 28.3, water 
5.0. 

Crystallization. Monoclinic (?). Not observed in crystals. 

Structure. Foliated, sometimes in radiating lamellar aggre- 
gates. Also granular to compact. Identical with tale in strue- 
ture and appearance. 

Physical Properties. Perfect basal cleavage. Folia some- 
what flexible but not elastic. H. = 1-2 (will make a mark on 
cloth). G. = 2.8-2.9. Pearly to greasy luster. Color white, 
apple-green, gray, brown. Usually opaque. Greasy feel. 

Tests. Infusible. Unattacked by acids. Characterized 
chiefly by its micaceous structure and cleavage, its softness and 
greasy feel. Only to be easily distinguished from tale by mois- 
tening a small fragment with cobalt nitrate and igniting, when 
it assumes a blue color (aluminium). Tale under the same 
conditions would become pale violet. 
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Occurrence. A comparatively rare species. Found in meta- 
morphie rocks; frequently with cyanite. Occurs in considerable 
amount in Moore and Chatham counties, North Carolina. 


Use. Quarried in North Carolina and used for the same pur- 
poses as tale. It does not command, however, as high a price 
as the best grades of tale. A considerable part of the so-called 
agalmatolite, from which the Chinese carve small images, is 
this species. 

Chrysocolla. 


Composition. Hydrous copper silicate, CuSi0;.2H.O = Silica 
34.3, copper oxide 45.2, water 20.5. Varies considerably in com- 
position and often impure. 

Structure. Noncrystalline. Massive compact. Sometimes 
earthy. 

Physical Properties. H.= 2-4. G. = 2.0-2.4. Luster vit- 
reous to earthy. Color green to greenish blue; brown to black 
when impure. 

Tests. Infusible. Decomposed by hydrochloric acid with 
the separation of silica but without the formation of a jelly. 
Gives a copper globule when fused with sodium carbonate on 
charcoal. In C. T. darkens and gives water. 

Occurrence. A comparatively rare mineral occurring in the 
oxidized zones of copper veins. Associated with malachite, azurite, 
cuprite, native copper, ete. Found in the copper districts of Arizona 
and New Mexico. 

Name. Chrysocolla, derived from two Greek words meaning 
gold and glue, which was the name of a similar appearing mate- 
rial used to solder gold. 

Use. A minor ore of copper. 


Titanite. Sphene. 


Composition. Calcium titano-silicate, CaTiSiO; = Silica 30.6, 
titanium oxide 40.8, lime 28.6. Iron is usually present in small 
amounts. 

Crystallization. Monoclinic. Crystals varied in habit. 
Often with prominent basal plane which is steeply inclined and 
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which in combination with short prism and pyramid faces gives 
a thin wedge-shaped crystal (Figs. 342 and 343). 


% Lee 


og 


Fig. 342, Fig. 343. 


Structure. Usually crystallized or lamellar. 

Physical Properties. Prismatic cleavage. H.=5-5.5. G.= 
3.4-3.55. Resinous to adamantine luster. Color gray, brown, 
green, yellow, black. Transparent to opaque. 

Tests. Fusible at 4 with slight intumescence to a dark mass. 
Only slightly attacked by hydrochloric acid. Fused with sodium 
carbonate; fusion dissolved in hydrochloric acid; the solution 
when boiled with tin gives a violet color (titanium). 

Occurrence. A rather common accessory mineral inigneousrocks, 
being found as small crystals in granites, diorites, syenites, frachytes, 
phonolites, ete. Also found often in crystals of considerable size 
embedded in the metamorphic rocks, gneiss, chlorite-schist and 
crystalline limestone. Very commonly associated with chlorite. 
Also found with iron ores, pyroxene, amphibole, scapolite, zircon, 
apatite, feldspar, quartz, ete. Notable localities for its occurrence 
in crystals are Tavetsch, St. Gothard, ete., Switzerland; Ala, Pied- 
mont; Sandford, Maine; Gouverneur, Diana, Rossie, Fine, Pitcairn, 
Edenville, Brewster, etc., in New York; in various places in Ontario, 
Canada. 

Name. Sphene comes from a Greek word meaning ‘wedge in 
allusion to a characteristic development of the crystals. 


Perovskite, CaTiOs, is a rare isometric titanate. 


NIOBATES — TANTALATES, 
Columbite — Tantalite. 


Composition. A niobate and tantalate of ferrous iron and 
manganese (I'e,Mn)(Nb,Ta)20. which varies in composition from 
the niobate, columbite (Fe,Mn)Nb.Og, to the tantalate, tantalite 
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(Fe,Mn)Ta.0;. Often contains small amounts of tin, tungsten, 
ete. A variety, known as manganotantalite, is essentially a 
tantalite with most of the iron re- 
placed by manganese. 

Crystallization. Orthorhombic. 
Habit of crystals is short prismatic; 
often in square prisms because of 
prominent development of the verti- 
cal pinacoids. Terminated by basal 
plane, pyramids and domes; fre- 
quently complex (Fig. 344). At 
times in heart-shaped contact twins. 

Structure. Crystallized and in parallel crystal groups. Also 
frequently granular massive. 

Physical Properties. H.=6. G. = 5.3-7.3, varying with 
the composition, increasing with rise in percentage of tantalum 
oxide present. Submetallic luster. Color iron-black, frequently 
iridescent. Streak dark red to black. 

Tests. Difficultly fusible (5-5.5). Fused with borax; the 
bead dissolved in hydrochloric acid; the solution boiled with 
tin gives a blue color (niobium). There is no simple test for 
tantalum. Generally when fused in O. F. with sodium car- 
bonate gives an opaque bluish green bead. Fused with sodium 
carbonate on charcoal in R. F. yields a magnetic mass. Recog- 
nized usually by its black color, submetallic streak and high 


specific gravity. 


Fig. 344. 


Occurrence. Occurs in granite rocks and in pegmatite veins, 
associated with quartz, feldspar, mica, tourmaline, beryl, spodu- 
mene, cassiterite, samarskite, wolframite, microlite, monazite, etc. 
Notable localities for its occurrence are the west coast of Greenland; 
Bodenmais, Bavaria; Ilmen Mountains, Siberia; Western Australia 
(manganotantalite); Standish, Maine; Haddam, Middletown and 
Branchville, Connecticut; in Amelia County, Virginia; Mitchell 
County, North Carolina; Black Hills, South Dakota; near Cafion 


City, Colorado. 


Name. The two names are derived from the acid elements 
that the minerals contain. Niobium is often called columbium. 
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Use. Source of tantalum, which is used in making filaments 
for incandescent electric lamps. It is said that more than 
20,000 20-candle-power electric-light filaments can be made 
from one pound of tantalum. The tantalum, used for this pur- 
pose in the United States, is imported and is derived, chiefly, 
from the manganotantalite deposits of western Australia. 

There are a number of other niobates and tantalates, all of 
which are rare in occurrence. The following, however, might 
be mentioned: pyrochlore, chiefly a niobate of the cerium metals 
and calcium; microlite, essentially Ca.Ta.0,; fergusonite, a nio- 
bate of yttrium, erbium, cerium, uranium, etc.; samarskite, a 
niobate and tantalate of ferrous iron, uranium and the cerium 
metals. 


PHOSPHATES, ETC. 


The phosphates and the related arsenates, vanadates and 
antimonates may be divided into three classes: (1) Anhydrous 
Phosphates, etc.; (2) Acid and Basic Phosphates, etc.; (3) Hydrous 
Phosphates, etc. 


1. ANHYDROUS PHOSPHATES, ETC. 
Xenotime. 


Yttrium phosphate, YPO;. Erbium may be present in consider- 
able amount, also small amounts of cerium, silicon and thorium. 
Tetragonal. Crystal forms resemble those of zircon. In rolled 
grains. Prismatic cleavage. H.=4-5. G. =4.55-5.1. Vitreous 
to resinous luster. Color yellowish to reddish brown. Opaque. 
Infusible. Tests as in monazite, which see. A rare mineral which 
occurs, like monazite, as an accessory constituent in granite, gneiss 
and pegmatite veins. Found as rolled grains in the stream sands, 
particularly in Brazil. 


Monazite. 
Composition. A phosphate of the cerium metals 
(Ce,La,Di)PO, with usually some thorium silicate, ThSiO,. 
Crystallization. Monoclinic. Crystals usually small, often 
flattened parallel to the orthopinacoid. 


Structure. Usually in granular masses, frequently as sand. 
Crystals rare. 
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Physical Properties. H. = 5-5.5. G. = 5.2-5.3. Resinous 
luster. Color yellowish to reddish brown. Translucent to 


opaque. ' 

Tests. Infusible. Insoluble in hydrochloric acid. After fusion 
with sodium carbonate, dissolve in nitric acid and add solution to 
excess of ammonium molybdate solution. A yellow precipitate 
forms (test for a phosphate). Decomposed by heating with con- 
centrated sulphuric acid; solution after dilution with water and 
filtering gives with ammonium oxalate a precipitate of the oxa- 
lates of the rare earths. 


Occurrence. A comparatively rare mineral occurring as an acces- 
sory mineral in gneissoid rocks, and as rolled grains in the sands 
derived from the decomposition of such rocks, where it has been 
preserved because of its hardness and high specific gravity. Found 
in the United States, chiefly in North and South Carolina, both in 
gneiss and in the stream sands. The bulk of the world’s supply of 
monazite sand comes from the provinces of Minas Geraes, Rio de 
Janeiro, Bahia, and Sao Paulo, Brazil. 


Name. The name monazite is derived from a Greek word 
meaning to be solitary, in allusion to the rarity of the mineral. 

Use. Monazite is the chief source of thorium oxide, which it 
contains in amounts varying from 1 to 20 per cent; commercial 
monazite usually containing between 3 and 9 per cent. Thorium 
oxide is used in the manufacture of mantles for incandescent gas 
lights. 

Triphylite — Lithiophilite. 


Phosphates of lithium with ferrous iron and manganese. T'ri- 
phylite corresponds to LiFePO,, Lithiophilite to LiMnPOy. The 
two molecules are isomorphous and replace each other in varying 
amounts. Orthorhombic, crystals rare. Commonly massive, cleay- 
able to compact. Cleavage parallel to base and brachypinacoid. 
H. = 4.5-5. G. = 3.42-3.56. Luster vitreous to resinous. Color 
bluish gray in triphylite to salmon-pink or clove-brown in lithio- 
philite. Translucent. Fusible at 2.5, giving red lithium flame. 
Triphylite becomes magnetic on heating in R. F. Lithiophilite gives 
in O. F. an opaque bluish green bead with sodium carbonate. Sol- 
uble in nitrie acid and when the solution is added to an excess of a 
solution of ammonium molybdate gives yellow precipitate (test for 
phosphoric acid), Rare minerals occurring in pegmatite veins asso- 
ciated with other phosphates, etc. Triphylite found at Huntington, 
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Massachusetts; Peru, Maine; Grafton, New Hampshire; Raben- 
stein, Bavaria; Keityo, Finland. Lithiophilite found at Branchville, 
Connecticut. 


THE APATITE GROUP. 


The Apatite Group consists of a closely related series of min- 
erals crystallizing in the pyramidal group of the hexagonal 
system. They are: 

Apatite, Ca,(CaF)(PO,)s. 
Pyromorphite, Pbs(PbCl)(PO,)s. 
Mimetite, Pb,(PbCl) (AsO,)s. 
Vanadinite, Pbs(PbCl)(VOx)s. 


Apatite. 
Composition. Fluor-apatite, Cas(CaF)(PO,)3;; more rarely 
chlor-apatite, Cas(CaCl) (PO.)s. 


Crystallization. Hexagonal; tri-pyramidal. Crystals usually 
long prismatic in habit; sometimes short prismatic or tabular. 


Fig, 345. Fig. 346. 


Usually terminated by prominent pyramid of first order and 
frequently a basal plane (Figs. 345 and 346). Some crystals 
show faces of the third order pyramid and have at times a very 
complex development. 

Structure. Usually crystallized; also granular massive to 
compact. d 

Physical Properties. H. = 5 (can just be scratched by a 
knife). G.= 3.15. Vitreous to subresinous luster. Color 
usually some shade of green or brown; also blue, violet, colorless. 
Transparent to opaque. 


APATITE 289 


Tests. Difficultly fusible (5-5.5). Soluble in acids. Gives a 
yellow precipitate of ammonium phosphomolybdate when dilute 
nitric acid solution is added to large excess of ammonium molyb- 
date solution. Concentrated hydrochloric acid solution gives 
white precipitate of calcium sulphate when a few drops of sul- 
phuric acid are added. Recognized usually by its crystals, color 
and hardness. Distinguished from beryl by the prominent 
pyramidal terminations of its crystals and by its being softer 
than a knife. 

Variety. Phosphorite. An impure variety of apatite is known 
as phosphorite. It occurs in a compact or earthy form or in 
concretionary and nodular masses in fossiliferous rocks of different 
ages. Probably of organic origin. 


Occurrence. Apatite is widely disseminated as an accessory con- 
stituent in all classes of rocks; igneous, metamorphic and sedimen- 
tary. It is also found in pegmatite and other veins, probably of 
pneumatolytic origin. Found in titaniferous magnetites. Occa- 
sionally concentrated into large deposits or veins. In the form of 
phosphorite or phosphate rock occurs extensively as a rock strata. 

Apatite, as it exists scattered in small crystals throughout the 
rocks, slowly undergoes alteration and is gradually dissolved by 
percolating carbonated waters. Some of the phosphoric acid thus 
brought into solution goes into the sea where it is absorbed by living 
organisms; some remains in the soil, where its presence is a necessary 
condition for fertility and from which it is absorbed by plants and 
through them goes into the bodies of animals. The large bodies of 
phosphorite are derived from organic sources, such as animal remains. 
Bone is calcium phosphate in composition. 

Apatite occurs in commercial amount in Ontario and Quebec, 
Canada. It is found there in crystals and masses enclosed in crys- 
talline calcite and in veins and irregular nests along the contact of 
the limestone with eruptive rocks. The chief deposits lie in Ottawa 
County, Quebec. Crystalline apatite occurs in large amounts along 
the southern coast of Norway, between Langesund and Arendal. 
It is found there in veins and pockets associated with a mass of 
gabbro. Nodular deposits of phosphate rock are found at intervals 
all along the Atlantic coast from North Carolina to Florida, the 
chief deposits being in the latter state. High grade phosphate 
deposits are found in western middle Tennessee. Commercial de- 
posits of phosphorite are to be found in northern Wales, in northern 
France, northern Germany, Belgium, Spain, etc. 
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Finely crystallized apatite occurs at various localities in the Alps; 
in Alexander County, North Carolina; at Auburn, Maine, etc. 


Use. Apatite and phosphate rock are chiefly used for fer- 
tilizer purposes. They are usually ground and treated with 
sulphuric acid to render the phosphoric acid more soluble. 
Transparent varieties of apatite of fine color are occasionally 
used for gem material. The mineral is too soft, however, to 
allow of its very extensive use for this purpose. 


Pyromorphite. 

Composition. Pb,(PbCl)(PO,);= Phosphorus pentoxide 15.7, 
lead protoxide 82.2, chlorine 2.6. The phosphorus is often re- 
placed by arsenic and the species graduates into mimetite. 

Crystalliaallor Hexagonal; tri-pyramidal. Prismatic erys- 

% >» tals with basal plane. Rarely shows 
pyramid truncations. Often in rounded 
barrel-shaped forms. Sometimes cavern- 
ous, the crystals being hollow prisms 
(Fig. 328). Frequently in parallel groups. 

Structure. Crystallized, globular, reni- 
_ | form, fibrous and granular. 

Physical Properties. Hea Soe 
G. = 6.5-7.1.  Resinous luster. Color 

Fig. 347. usually various shades of green, brown, 
yellow; more rarely orange-yellow, gray, white. Subtransparent 
to nearly opaque. 

Tests. Easily fusible (2). Gives a lead globule when fused 
on charcoal with sodium carbonate. When fused alone on char- 
coal gives a globule which on cooling shows crystalline structure. 
Faint white sublimate of lead chloride when heated in C. T. 
A few drops of the nitric acid solution added to ammonium 
molybdate solution gives a yellow precipitate of ammonium 
phosphomolybdate. 


Occurrence. A mineral formed by secondary action and found 
in the upper oxidized portions of lead veins, associated with other 
lead minerals. Notable localities for its occurrence are the lead 
mines of Poullaouen, Brittany; at Emsin Nassau; in the Nerchinsk 
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district, Siberia; Cornwall; Phcenixville, Pennsylvania; Davidson 
County, North Carolina, ete. 

Name. Derived from two Greek words meaning fire and form 
in allusion to the crystalline form it assumes on cooling from 
fusion. 

Use. A subordinate ore of lead. 


Mimetite. 

Composition. Pb,(PbCl)(AsO,); = Arsenic pentoxide 23.2, 
lead protoxide 74.9, chlorine 2.4. Phosphorus replaces the 
arsenic in part and calcium, the lead. Endlichite is a variety 
intermediate between mimetite and vanadinite. 

Crystallization. Hexagonal; tri-pyramidal. Crystals pris- 
matic, showing basal plane and at times pyramids. Usually in 
rounded barrel- to globular-shaped forms. 

Structure. In rounded crystals, mammillary crusts. 

Physical Properties. H.= 3.5. G. = 7-7.2. Resinous lus- 
ter. Colorless, yellow, orange, brown. Subtransparent to al- 
most opaque. 

Tests. Easily fusible (1.5). Gives globule of lead when 
fused with sodium carbonate on charcoal. A fragment placed 
in C. T. and heated in contact with a splinter of charcoal gives 
deposit of metallic arsenic on walls of tube. 

Occurrence. A comparatively rare mineral of secondary origin, 
occurring in the upper, oxidized portion of lead veins. Notable 
localities for its occurrence are in Cornwall, Devonshire, and Cum- 
berland, England; Johanngeorgenstadt, Saxony; Nerchinsk, Siberia; 
Pheenixville, Pennsylvania; Cerro Gordo, California, etc. 

Name. Derived from the Greek for imitator in allusion to its 
resemblance to pyromorphite. 

Use. A minor ore of lead. 


Vanadinite. 

Composition. Pb,(PbCl)(VO.); = Vanadium pentoxide 19.4, 
lead protoxide 78.7, chlorine 2.5. Phosphorus and arsenic some- 
times present in small amount replacing vanadium. In the 
variety endlichite the proportion of V:0; to AsO, is nearly as 1:1. 
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Crystallization. Hexagonal; tri-pyramidal. Prism with base. 
Sometimes small pyramidal faces, rarely the pyramid of the 
third order. In rounded crystals; sometimes cavernous. 

Structure. In crystals and globular forms. As incrustations. 

Physical Properties. H. = 3. G. = 6.9-7.1. Adamantine 
to resinous luster. Color ruby-red, brown, yellow. Transparent 
to opaque. 

Tests. Easily fusible (1.5). Gives globule of lead on charcoal 
when fused with sodium carbonate. Gives an amber color in 
O. F. to salt of phosphorus bead (vanadium). Dilute nitric acid 
solution gives with silver nitrate a white precipitate of silver 
chloride. Endlichite would give in C. T. the reaction for arsenic 
(see under mimetite). 


Occurrence. A rare mineral of secondary origin found in the 
upper oxidized portion of lead veins. Occurs in various districts in 
Arizona and New Mexico. 


Use. Source of vanadium and minor ore of lead. Vanadium 
is obtained chiefly from other ores, such as the sulphide, patron- 
ite; the vanadate, carnotite; and a vanadium mica, roscoelite. 
Vanadium is used chiefly as a steel hardening metal. Meta- 
vanadic acid, HVOs, is used as a yellow pigment, known as 
vanadium bronze. Vanadium oxide is used as a mordant in 
dyeing. . 


Amblygonite. 


A phosphate of lithium and aluminium, Li(AIF)POQ,, having 
hydroxyl isomorphous with the fluorine and often sodium in small 
amount replacing the lithium. Triclinic. Usually massive, cleav- 
able to compact. Perfect basal cleavage. H. = 6. G. = 3.08. 
Luster vitreous, pearly on cleavage face. Color white to pale 
green or blue. Translucent. Easily fusible (2) giving a red flame 
(lithium). Insoluble in acids. After fusion with sodium carbonate 
and dissolving in nitric acid, solution with excess of ammonium 
molybdate solution gives yellow precipitate (test for phosphate). A 
rare mineral found in pegmatite veins with tourmaline, lepidolite 
apatite, etc. Found at Montebras, France; Hebron, Paris Auburn, 
and Peru, Maine, etc. ; ‘ 
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2. ACID AND BASIC PHOSPHATES, ETC. 
Olivenite. 


An arsenate and hydroxide of copper, CusAs:0,.Cu(OH),. Ortho- 
rhombic. Prismatic, often in acicular crystals. Also reniform, 
fibrous, granular. H.=3. G.=4.14.4. Fusibleat2-2.5. Ada- 
mantine to vitreous luster. Color olive-green to blackish green; 
also shades of brown and yellow to white. Translucent to opaque. 
With sodium carbonate on charcoal gives a copper globule. When 
ignited in C. T. with splinter of charcoal gives arsenical mirror. A 
little water when heated in C.T. Found rarely in oxidized portions 
of copper veins. 


Lazulite. 


A phosphate of magnesium and aluminium, Mg(Al.OH).(PO,)2, 
with varying amounts of ferrous iron, replacing the magnesium. 
Monoclinic, usually in steep pyramids. Also massive, granular to 
compact. H. = 5-5.5. G. = 3.05-3.1. Vitreous luster. Azure- 
blue color. Translucent to opaque. Infusible. B. B. swells, loses 
its color and falls to pieces. Insoluble. A rare mineral. 


3. HYDROUS PHOSPHATES, ETC. 
Vivianite. 

Hydrous ferrous phosphate, Fe;P20,.8H2O. Monoclinic. Pris- 
matic crystals, vertically striated; often in radiating groups; at 
times fibrous or earthy. Perfect pinacoidal cleavage. H. = 1.5-2. 
G. = 2.58-2.68. Vitreous to pearly luster. Colorless when un- 
altered. Blue to green when altered. Transparent when fresh to 
opaque on exposure. Fusible at 2-2.5 to a magnetic globule. 
Nitric acid solution added to an excess of ammonium molybdate 
solution gives yellow precipitate (test for phosphate). Water in 
C. T. A rare mineral of secondary origin, associated with pyrrho- 
tite, pyrite, limonite and other iron minerals. 


Erythrite or Cobalt Bloom, Co;As,03.8H,O, is a rare secondary 
mineral which occurs as an alteration product of cobalt arsenides. 
It is usually pulverulent in structure and crimson to pink in color. 
Annabergite or Nickel Bloom, Nis;As,O3.8H2O, is a similar nickel 
compound. It is light green in color. 


Scorodite. 


A hydrous ferric arsenate, FeAsO,.2H,0. Orthorhombiec, 
usually in pyramidal crystals, resembling octahedrons; also pris- 
matic. Crystals in irregular groups. Also earthy. H. = 3.5-4. 
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G. = 3.1-3.3. Vitreous luster. Pale green to liver-brown in color. 
Translucent. Fusible at 2-2.5. Magnetic when heated in R. F. 
Heated intensely with splinter of charcoal in C. T, gives arsenical 
mirror. Water in C. T. In hydrochloric acid reacts for ferric iron. 
Occurs in oxidized portions of metallic veins with arsenopyrite and 
other iron minerals. 


Wavellite. 


A hydrous aluminium phosphate, (AIOH)s(PO.)2.5H2O. Ortho- 
rhombic, crystals rare. Usualiy in radiating globular aggregates. 
Good cleavage. H. = 3-4. G. = 2.33. Vitreous luster. Color 
white, yellow, green and brown. ‘Translucent. Infusible. In- 
soluble. Decomposed by fusion with sodium carbonate and dis- 
solved in nitric acid gives yellow precipitate (test for phosphoric 
acid) when solution is added to excess of ammonium molybdate. 
Moistened with cobalt nitrate, and then ignited assumes a blue color 
(aluminium). A rare mineral. 


Turquois. 


Composition. A hydrous phosphate of aluminium, colored 
by small amounts of a copper phosphate, H(AI.20H).PO, with 
isomorphous H(Cu.OH)2POx. 

Structure. Noncrystalline. Massive compact, reniform, 
stalactitic, encrusting. In thin seams and disseminated grains. 

Physical Properties. H.= 6. G. = 2.6-2.8. Wazxlike lus- 
ter. Color blue, bluish green, green. Translucent to opaque. 

Tests. Infusible. Insoluble. After fusion with sodium ear- 
bonate and dissolving in nitric acid, gives a yellow precipitate 
with an excess of ammonium molybdate solution (test for a 
phosphate). Gives a momentary green flame. In C. T. turns 
dark and gives water. 


Occurrence. Turquois is usually found in the form of small 
veins and stringers traversing more or less decomposed igneous 
rocks. The famous Persian deposits are found in trachyte near 
Nishapur in the province of Khorassan. In the United States it 
is found in much altered granite or granite porphyry in Mohave 
County, Arizona, and in Grant and Santa Fe counties, New Mexico. 
Turquois has also been found in Nevada, California and Colorado. 


Name. Is French and means Turkish, the original stones 
having come into Kurope through Turkey, 
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Use. Asagemstone. It is always cut in round or oval forms 
and a one-carat stone may be valued as high as $10. Much 
turquois is cut which is veined with the various gangue materials 
and such stones are sold under the name of turquois matrix. 


NITRATES. 
Soda Niter. 

Composition. Sodium nitrate, NaNO;= Nitrogen pentoxide 
63.5, soda 36.5. 

Crystallization. Hexagonal-rhombohedral. Homceomor- 
phous with calcite. Has closely the same crystal constants, 
cleavage, optical properties, etc.,as calcite. If a cleavage block 
of calcite is placed in a crystallizing solution of sodium nitrate, 
small rhombohedrons of the latter will form with parallel orien- 
tation on the calcite. 

Structure. Usually massive, as an incrustation or in beds. 

Physical Properties. Perfect rhombohedral cleavage. H. = 
1.5-2. G. = 2.29. Vitreous luster. Colorless or white, also 
reddish brown, gray, yellow, etc. Transparent to opaque. 
Cooling taste. 

Tests. Very easily fusible (1), giving a strong yellow sodium 
flame. After intense ignition gives an alkaline reaction on 
moistened test paper. Easily and completely soluble in water. 
Heated in C. T. with potassium bisulphate gives off red vapors 
of nitrous oxide. 

Occurrence. Because of its solubility in water it is only to be 
found in arid and desert regions. Found in large quantities in the 
district of Tarapacd, northern Chile and the neighboring parts of 
Bolivia. Occurs over immense areas as a salt (caliche) bed inter- 
stratified with sand, beds of common salt, gypsum, etc. Has been 
noted in Humboldt County, Nevada, and in San Bernardino County, 
California. 

Use. In Chile it is quarried, purified and used as a source of 
nitrates. 

Niter. 
_ Potassium nitrate, KNO;. Orthorhombic. Usually as thin en- 


crustations or as silky acicular crystals. Perfect cleavage. H. = 2. 
G. = 2.09-2.14. Vitreous luster. Color white. Translucent. 
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Easily fusible (1) giving violet flame (potassium). After ignition 
gives alkaline reaction on moistened test paper. Heated in C. T. 
with potassium bisulphate gives red fumes of nitrous oxide. Easily 
soluble in water. Saline and cooling taste. Found as delicate 
crusts, as an efflorescence, on surfaces of earth, walls, rocks, etc. 
Found as a constituent of certain soils. Also in the loose soil of 
limestone caves. Not as common as soda niter, but produced from 
soils in France, Germany, Sweden. Obtained in India. Used as a 
source of nitrogen compounds. 


BORATES. 
Boracite. 


Composition, Mg;Cl.BisOz. Isometric; tetrahedral. Crystals 
usually show cube, tetrahedron and dodecahedron in some com- 
bination. Crystals usually isolated and disseminated in other 
minerals. Also massive. Vitreous luster. Colorless, white, gray, 
green. Transparent to translucent. H.=7. G. = 2.9-3.0. 
Fusible at 3 with green flame color (boron). Soluble in hydrochloric 
acid. Turmeric paper moistened with a solution of the mineral and 
then dried at 100° C. turns reddish brown (boron). Occurs asso- 
ciated with halite, anhydrite, gypsum, etc., as one of the products 
formed by the evaporation of bodies of salt water. 


Colemanite. 


Hydrous borate of calcium, Ca,B.01.5H.0. Monoclinic, in 
short prismatic crystals, highly modified. Cleavable massive to 
granular and compact. Perfect pinacoidal cleavage. H. = 4~-4.5. 
G. = 2.42. Vitreous to adamantine luster. Colorless to white. 
Transparent to translucent. Fusible at 1.5. B. B. exfoliates, 
crumbles and gives green flame (boron). Water in C. T. A rare 
mineral, but occurring in considerable quantity in the salt lake de- 
posits, in the arid regions of southeastern California, in Death Valley, 
Inyo County, and in San Bernardino and Los Angeles counties. 


Borax. 
Composition. Hydrous sodium borate, Na:B,0,.10H,0 = 
Boron trioxide 36.6, soda 16.2, water 47.2. 
Crystallization. Monoclinic. Prismatic crystals, sometimes 
quite large. ; 


Structure. In crystals and as massive cellular material or 
encrustations. 
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Physical Properties. Perfect cleavage parallel to orthopina- 
eoid. H. = 2-2.5. G. = 1.75. Vitreous luster. Colorless or 
white. Translucent to opaque. Sweetish-alkaline taste. 

Tests. Easily fusible (1-1.5) with much swelling and gives 
strong yellow flame (sodium). Readily soluble in water. Tur- 
meric paper, moistened with a dilute hydrochloric acid solution 
of the mineral, turns reddish brown when dried at 100°C. 
Much water in C. T. 


Occurrence. Formed as a deposit from the evaporation of salt 
lakes, and as an efflorescence on the surface of the ground in arid 
regions. The deposits in Thibet have furnished large amounts of 
borax, which has been exported to Europe in the crude state, under 
the name of tincal. Found in quantity in the United States in the 
desert region of southeastern California, in Death Valley, Inyo 
County and in San Bernardino County. Occurs also in the adjacent 
parts of Nevada. Borax is associated with the other minerals 
deposited in similar manner, such as halite, gypsum, colemanite, and 
various rare borates. 


Name. Borax comes from an Arabic name for the substance. 

Use. Borax is used for washing and cleansing; as an anti- 
septic, preservative, etc., in medicine; as a solvent for metallic 
oxides in soldering and welding; and as a flux in various smelt- 
ing and laboratory operations. 


URANATES. 
Uraninite. Pitch Blende. 


Composition. An uncertain combination of the oxides of 
uranium, UO; and UO:. With small amounts of lead and the 
rare elements, thorium, yttrium, cerium, nitrogen, helium, argon, 
radium. It is the mineral in which the gas helium was first 
discovered on the earth, having been previously noted in the 
gases surrounding the sun by means of the sun’s spectrum. In 
it, also, was first discovered the rare and strange substance, 
radium. 

Crystallization. Isometric. In octahedrons, also with do- 
decahedrons. Less often showing cube faces. Crystals rare. 

Structure. Usually massive and botryoidal; also in grains. 
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Physical Properties. .=5.5. G.=9-9.7 (unusually 
high). Luster submetallic to pitchlike, dull. Color black. 
Streak brownish black. : 

Tests. Infusible. Imparts to the salt of phosphorus bead 
in O. F. a yellowish green and in R. F. a green color. Soluble 
in dilute sulphuric acid with the slight evolution of helium gas. 
Characterized chiefly by its pitchy luster, its high specific gravity, 
its color and streak. 


Occurrence. Occurs either as a primary constituent of granite 
rocks or as a secondary mineral with ores of silver, lead, copper, ete. 
Found under the latter condition at Johanngeorgenstadt, Marienberg 
and Schneeberg in Saxony, at Joachimsthal and Pribram in Bohemia, 
and Rezbdinya in Hungary. Occurs also in connection with the 
tin deposits of Cornwall, England. In the United States found in 
isolated crystals in pegmatite veins at Middletown, Glastonbury 
and Branchville, Connecticut. In the mica mines of Mitchell 
County, North Carolina. A narrow vein of it has been mined 
near Central City, Gilpin County, Colorado. 


/ 

Use. The chief interest in the mineral lies in the fact that 
it is the principal source of radium. This element exists in it 
in extremely small percentages and it is necessary to subject a 
large amount of the mineral to a chemical concentration in order 
to produce a few grains of a radium salt. Uranium, itself, 
has only a limited use. Experiments have been made looking 
toward its use in steel. In the form of various compounds it 
has a limited use in coloring glass and porcelain, in photography 
and as chemical reagents. 


SULPHATES. 


The sulphates and the related chromates may be divided into 
three divisions: (1) Anhydrous Sulphates; (2) Acid and Basic 
Sulphates; (3) Hydrous Sulphates. 


1. ANHYDROUS SULPHATES. 
Glauberite. 


A sulphate of sodium and caleium, NagCa(SO,)z. Monoclinic. 
Crystals thin, tabular parallel to base. Basal cleavage. H. = 


2.5-3. G. = 2.7-2.85. Vitreous luster. Color pale yellow or gray. 
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Slightly saline taste. Fusible (1.5-2), giving yellow flame (sodium), 
After ignition, gives an alkaline reaction on moistened test paper. 
Soluble in hydrochloric acid and solution with barium chloride gives 
white precipitate of barium sulphate. A rare mineral occurring 
in the saline deposits, formed by the evaporation of salt lakes. 


BARITE GROUP. 


The Barite Group consists of the sulphates of barium, stron- 
tium, lead and calcium. They crystallize in the orthorhombic 
system with closely related crystal constants and similar habits. 
The members of the group are as follows: 

Barite, BaSO,. 
Celestite, SrSOx. 
Anglesite, PbSOx. 
Anhydrite, CaSOx. 


Barite. Barytes. Heavy Spar. 


Composition. Barium sulphate, BaSO, = Sulphur trioxide 
34.3, baryta 65.7. Strontium and calcium sulphates present at 


times. 
Fig. 348. 
nee ee ee ee 
Fig. 349. Fig. 350. 
Le 
Fig. 351. Fig. 352. 


Crystallization. Orthorhombic. Crystals usually tabular 
parallel to base; often diamond shaped because of the presence 
of a short prism (Fig. 348). Both macro- and brachydomes 
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usually present, either beveling the corners of the diamond- 
shaped crystals (Figs. 349 and 350), or if the prism faces are 
wanting, beveling the edges of the tables and forming rectan- - 
gular prismatic-shaped crystals elongated parallel to either the 
brachy- or macro-axis (Figs. 351 and 352). Crystals sometimes 
quite complex. 

Structure. In crystals. In divergent groups of tabular crys- 
tals forming “crested barite.” Also coarsely laminated; granu- 
lar, earthy. 

Physical Properties. Perfect cleavage parallel to base and 
prism faces. H. = 3-3.5. G. = 4.5 (heavy for a nonmetallic 
mineral). Vitreous luster; pearly at times on base. Colorless, 
white, and light shades of blue, yellow, red. Transparent to 
opaque. 

Tests. Fusible at 4, giving yellowish green barium flame. 
After ignition gives an alkaline reaction on moistened test paper. 
Fused with sodium carbonate and charcoal dust gives a residue, 
which, when moistened, produces a dark stain of silver sulphide 
on a clean silver surface. Recognized by its white color, high 
specific gravity, characteristic cleavage and crystals. 


Occurrence. Barite is a common mineral of wide distribution. 
It occurs usually as a gangue mineral in metallic veins, associated 
especially with ores of silver, lead, copper, cobalt, manganese and 
antimony. Sometimes in veins in limestone with calcite and celes- 
tite or in sandstone with copper ores. At times acts as a cement in 
sandstone. Deposited occasionally as a sinter by waters from hot 
springs. Notable localities for the occurrence of crystalline barite 
are in Westmorland, Cornwall, Cumberland, Derbyshire, and Surrey, 
England; Felsdbanya and other localities, Hungary; in Saxony and 
Bohemia. Inthe United States at Cheshire, Connecticut; De Kalb, 
New York; Fort Wallace, New Mexico. Massive barite, occurring 
usually as veins, nests and irregular bodies in limestones, has been 
quarried in the United States in Connecticut, Virginia, North Caro- 
lina, Georgia, Tennessee, Kentucky and Missouri. 


Use. Barite is used chiefly for the production of barium 
hydroxide, employed in the refining of sugar. It is ground 


and used as a white pigneah, to give weight to cloth and 


paper, etc. >. 
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Celestite. 


Composition. Strontium sulphate, SrSO,= Sulphur trioxide 
43.6, strontia 56.4. 

Crystallization. Orthorhombic. Crystals resemble closely 
those of barite (which see). Commonly tabular parallel to the 
base or prismatic parallel to the brachy- or macro-axis with 
prominent development of the domes (Fig. 353). Crystals which 
are elongated parallel to the brachy-axis are frequently termi- 
nated in front by four faces in nearly equal development, con- 
sisting of 2 prism faces and 2 of the macrodome (Fig. 354). 


Seep 
> 


Fig. 353. Fig. 354. 


Structure. Crystallized. Also radiating fibrous; sometimes 
granular. 

Physical Properties. Perfect cleavage parallel to base and 
prism. H. = 3-3.5. G. = 3.95-3.97. Luster vitreous to pearly. 
Colorless, white, often faintly blue or red. Transparent to 
translucent. 

Tests. Fuses at 3.5-4 and colors the flame crimson (stron- 
tium). After ignition gives an alkaline reaction on moistened 
test paper. Fused with sodium carbonate and charcoal dust 
gives a residue, which, when moistened, produces on a clean 
silver surface a dark stain of silver sulphide. Closely resembles 
barite and it will usually need a flame test to positively differen- 
tiate the two species. 

Occurrence. Celestite is found usually disseminated through 
limestone or in nests and lining cavities in such a rock. Associated 
with calcite, dolomite, gypsum, halite, sulphur, etc. Notable 
localities for its occurrence are with the sulphur deposits of Sicily; 


at Bex, Switzerland; Yate, Gloucestershire, England; Herrengrund, 
Hungary; Strontian Island, Put-in-Bay, Lake Erie, Mineral 
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County, West Virginia; San Bernardino County, California. Found 
disseminated in limestones near Syracuse, New York, and in Monroe 
County, Michigan. : : 
Name. Derived from celestis in allusion to the faint blue 
color often present. 
Use. Used in the preparation of nitrate of strontium for 
fireworks. Other strontium salts used in the refining of sugar. 


Anglesite. 


Composition. Lead sulphate, PbSO,=Sulphur trioxide 26.4, 
lead oxide 73.6. 

Crystallization. Orthorhombic. Crystal habit often similar 
to that of barite (which see) but much more varied. Crystals 
may be prismatic parallel to all three of the crystal axes and 
frequently show many forms, with a complex development. 

Structure. Crystallized. Also massive, granular to compact. 
Frequently earthy, in concentric layers about a nucleus of 
galena. 

Physical Properties. Perfect cleavage parallel to base and 
prism. H. = 2.75-3. G. = 6.12-6.39 (unusually high). Ada- 
mantine luster when pure and crystalline, dull when earthy. 
Colorless, white, pale shades of yellow, green and blue. May 
be colored dark gray, etc., by impurities. Transparent to 
opaque. 

Tests. Easily fusible at 2.5. On charcoal with sodium car- 
bonate reduced to a lead globule with yellow to white coating 
of lead oxide. Fused with sodium carbonate and charcoal dust 
gives aresidue, which, when moistened, produces on a clean silver 
surface a dark stain of silver sulphide. Recognized by its high 
specific gravity, its adamantine luster and frequently by its 
association with galena. 


Occurrence. Anglesite is a common lead mineral of secondary 
origin. It is formed through the oxidation of galena, sometimes 
directly to the sulphate as is shown by the concentric layers of angle- 
site found at times surrounding a core of unaltered galena, or some- 
times by an intermediate solution and subsequent recrystallization. 
Found in the upper, oxidized portions of lead veins, associated with 
galena, cerussite, sphaterite, smithsonite, calamine, iron oxides, etc. 
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Notable localities for its occurrence are Monte Poni, Sardinia; Is- 
land of Anglesea, England; at Leadhills, Scotland; various localities 
in Hungary, ete. Found in large amounts in Australia. Occurs in 
the United States at Phoenixville, Pennsylvania; Carroll County, 
Maryland; Colorado; Cerro Gordo, California. 

Name. Named from the original locality on Island of Anglesea. 


Use. An ore of lead. 


Anhydrite. 

Composition. Anhydrous calcium sulphate, CaSO,=Sulphur 
trioxide 58.8, lime 41.2. . 

Crystallization. Orthorhombic. Crystals rare; when ob- 
served are thick tabular, also prismatic parallel to the macro-axis. 

Structure. Usually in crystalline masses, with rectangular 
cleavage. Fibrous, granular. 

Physical Properties. Cleavage parallel to the three pinacoids, 
so yielding rectangular blocks. H. = 3-3.5. G. = 2.89-2.98. 
Luster vitreous to pearly. Color white with sometimes a faint 
gray, blue or red tinge. Transparent to translucent. 

Tests. Fusible at 3-3.5. After ignition gives an alkaline 
reaction on moistened test paper. Moistened with hydrochloric 
acid and ignited gives orange-red flame of calcium. Soluble in 
hot hydrochloric acid and dilute solution with barium chloride 
gives white precipitate of barium sulphate. — 

Occurrence. Occurs in much the same manner as gypsum, and 
often associated with that mineral but is not nearly as common. 
Found in beds associated with salt deposits and in limestone rocks. 
Found at times in amygdaloidal cavities in basalt. Occurs at Aussee 
in Styria; at Stassfurt, Prussia; Bavaria; Hall in Tyrol; Bex, 
Switzerland; in the United States at Lockport, New York; Nash- 
ville, Tennessee. Found in large beds in Nova Scotia. 


Crocoite. 


Lead chromate, PbCrO,. Monoclinic. Inslender prismatic crys- 
tals, vertically striated. Also granular. H. = 2.5-3, G. = 5.9 
6.1. Adamantine luster. Color bright red. Orange-yellow streak. 
Fusible at 1.5. Fused with sodium carbonate on charcoal gives a 
ead globule. With borax gives a green bead in O. F, A rare 
mineral found in the oxidized zones of lead veins, Fine crystals 


come from Mount Dundas, Tasmania. 
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9. ACID AND BASIC SULPHATES. 
Brochantite. 


A basic sulphate of copper, CuSO,.3 Cu(OH)z. Orthorhombic. 
Slender prismatic crystals, vertically striated, often acicular. Some- 
times massive reniform. Perfect pinacoidal cleavage. H. = 3.5-4. 
G. = 3.9. Vitreous luster. Emerald to blackish green in color. 
Transparent to translucent. Fusible (3.5). Copper globule when 
fused with sodium carbonate on charcoal. Hydrochloric acid solu- 
tion with barium chloride gives white precipitate of barium sul- 
phate. Water in C. T. A rare mineral found in the oxidized 
portions of copper veins. 


3. HYDROUS SULPHATES. 
Gypsum. Selenite. 

Composition. Hydrous calcium sulphate, CaSO,..2H.O =Sul- 
phur trioxide 46.6, lime 32.5, water 20.9. 

Crystallization. Monoclinic. Crystals usually tabular paral- 
lel to clinopinacoid; in diamond-shaped crystals with edges 
beveled by prism and pyramid faces (Fig. 355). Other forms 
rare. Sometimes twinned (Fig. 356), 


\Y 


Fig. 355, Fig. 356. 


Structure. Cleavable massive; foliated; granular massive; 
sometimes with fibrous appearance. 

Physical Properties. Cleavage in three directions; perfect 
parallel to clinopinacoid, yielding easily thin folia; with con- 
choidal surface parallel to erthopinacoid; with fibrous fracture 
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parallel to a pyramid. H. = 2 (can be scratched by the finger 
nail). G. = 2.32. Usually with vitreous luster; sometimes 
silky. Colorless, white, gray; sometimes various shades of yel- 
low, red, brown, etc., from impurities. Transparent to opaque. 
Tests. Fusible at 3-3.5. After intense ignition, residue gives 
alkaline reaction on moistened test paper. Soluble in hot dilute 
hydrochloric acid and solution with barium chloride gives white 
precipitate of barium sulphate. Much water in C. T. Charac- 
terized by its softness and its perfect pinacoidal cleavage. 
Varieties. Crystalline. In crystals or foliated masses. 
Fibrous. With coarse to fine fibrous appearance. Satin spar 
is fine fibrous with silky luster. 
Massive. Alabaster, a fine-grained variety. Rock gypsum, 
massive granular or earthy; often impure. : 


Occurrence. Gypsum is a common mineral which is widely dis- 
tributed in sedimentary rocks, often as thick beds. It frequently 
occurs interstratified with limestones and shales. Usually to be 
found as a layer underlying beds of rock salt and has been deposited 
there as one of the first minerals to crystallize because of the concen- 
tration of salt waters. Occurs also as lenticular bodies or scattered 
crystals in clays and shales. Found at times in volcanic regions, 
especially where limestones have been acted upon by sulphur vapors. 
Also, is common as a gangue mineral in metallic veins. Associated 
with many different minerals, the more common ones being salt, 
anhydrite, dolomite, calcite, sulphur, pyrite, quartz. Deposits of 
gypsum of commercial importance are found in many localities in 
the United States, but the chief producers are located in New York, 
Oklahoma, Texas, Iowa, Michigan, Ohio, Virginia and Kansas. 
Gypsum is found in large deposits in Arizona and New Mexico in the 
form of wind-blown sand. 


Name. Derived from the Greek name for the species. At 
times the crystalline variety is called selenite, which comes from 
a Greek word meaning moon, probably in allusion to the moon- 
like white reflections from some varieties. 

Use. Gypsum is chiefly used for the production of plaster of 
Paris. In the manufacture of this material, the gypsum is 
ground and then heated, until a large proportion of the water 
has been driven off. This plaster, when mixed with water, 
slowly absorbs the water and so hardens or “sets.” Plaster of 
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Paris is used extensively for “staff,” the material from which 
temporary exposition buildings are built, and for molds and 
casts of all kinds. Gypsum is employed in making adamant, 
plaster for interior use. Serves as land plaster, for a fertilizer. 
Satin spar and alabaster are cut and polished for various orna- 
mental purposes but are restricted in their uses on account of 
their softness. 


Chaicanthite. Blue Vitriol. 


Composition. Hydrous copper sulphate, CuSO,.5H,O =Sul- 
phur trioxide 32.1, cupric oxide 31.8, water 36.1. 

Crystallization. Triclinic. Crystals commonly tabular paral- 
lel to a pyramid face. 

Structure. Crystallized, also massive in stalactitic and reni- 
form structure, sometimes with fibrous appearance. 

Physical Properties. H. = 2.5. G. = 2.12-2.30. Vitreous 
luster. Color deep azure-blue. Transparent to translucent. 
Metallic taste. 

Tests. Fusible at 3. Gives copper globule when fused with 
sodium carbonate on charcoal. Soluble in water. Dilute hydro- 
chlorie acid solution gives with barium chloride precipitate of 
barium sulphate. Much water in C. T. Characterized by its 
blue color and its solubility in water. 

Occurrence. A rare mineral, found at times in arid regions as a 
secondary mineral, occurring near the surface in copper veins, and 
derived from the original copper sulphides by oxidation. Often 
deposited from the waters in copper mines. 

Use. A minor ore of copper. The artificial blue vitriol is 
used in calico printing, in galvanic cells, and in various manu- 
facturing industries. 


Kalinite. Potash Alum. 


A hydrous sulphate of aluminium and potassium, K,SQ,. 
Al,(SO,4)3.24H20. Isometric; pyritohedral. Usually fibrous or mas- 
sive. H.= 2-2.5. G.= 1.75. Vitreous luster. Colorless to white. 
Transparent to translucent. Fuses at 1 with swelling and gives a 
violet flame (potassium). Easily soluble in water. Astringent taste. 
Hydrochloric acid solution with barium chloride gives a white pre- 
cipitate of barium sulphate, and with ammonium hydroxide in 
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excess gives white precipitate of aluminium hydroxide. A com- 
paratively rare mineral, which usually occurs as efflorescence on 
clays and slates, particularly those containing disseminated pyrite. 
Also at times in connection with sublimation products from vol- 
canoes. 


TUNGSTATES, MOLYBDATES. 
Wolframite—Hiibnerite. 


Composition. Tungstates of ferrous iron and manganese. 
Wolframite (Fe,Mn)WO,, in which the ratio of the iron to the 
manganese varies from 9:1 to 2:3. Hiibnerite, nearly pure 
MnWQ,. 

Crystallization. Monoclinic. Crystals commonly tabular 
parallel to the orthopinacoid, giving bladed forms. Prism zone 
vertically striated. 

Structure. In bladed, lamellar or columnar forms. Massive 
granular. 

Physical Properties. Perfect cleavage parallel to clinopina- 
eoid. H. = 5-5.5. G. = 7.2-7.5. Submetallic to resinous lus- 
ter. Color black in wolframite to brown in hiibnerite. Streak 
from nearly black to brown. 

Tests. Fusible (3-4). Insoluble in acids. Fused with 
sodium carbonate, fusion then dissolved in hydrochloric acid, 
tin added and solution boiled gives a blue color (tungsten). In 
O. F. with sodium carbonate gives bluish green bead (manga- 
nese). Wolframite when fused with sodium carbonate in R. F. 
on charcoal gives a magnetic mass. 


Occurrence. Comparatively rare minerals, found usually with 
cassiterite and associated also with scheelite, bismuth, quartz, pyrite, 
galena, sphalerite, ete. Found in fine crystals from Schlaggenwald, 
Bohemia, and in the various tin districts of Saxony and Cornwall. 
Wolframite occurs in the United States in the Black Hills, South 
Dakota; Boulder County, Colorado; Seward Peninsula, Alaska. 
Hiibnerite is found near Butte, Montana; in various localities in 
Nevada and Arizona. 

Use. Chief ores of tungsten. Tungsten is used as a harden- 
ing metal in the manufacture of tool steel. Also as a filament 
in incandescent electric lights. Sodium tungstate is used in 


fire-proofing cloth and as a mordant in dyeing. 


308 MANUAL OF MINERALOGY 


Scheelite. 


Composition. Calcium tungstate, CaWO, = Tungsten tri- 
oxide 80.6, lime 19.4. Molybdenum is usually present, replacing 
a part of the tungsten. 

Crystallization. Tetragonal; tri-pyramidal. Crystals usually 
simple pyramids of first order. Closely resemble isometric 
octahedrons in angles (Fig. 357). Faces of 


8 
P the pyramid of third order are small and 
rare. 
Structure. Massive granular; in crys- 
tals. 


Physical Properties. Cleavage parallel 
to pyramid of first order. H. = 4.5-5. 
= G. = 6.05 (unusually high for a mineral 
with nonmetallic luster). Vitreous to ada- 
mantine luster. Color white, yellow, green, 
brown. Usually translucent to opaque, sometimes transparent. 
Tests. Difficultly fusible (5). Decomposed by boiling hydro- 
chloric acid leaving a yellow residue of tungstic oxide, which, 
when tin is added to the solution and boiling continued, turns 
first blue then brown. Recognized by its high specific gravity 
and the test for tungsten. 
Occurrence. Occurs usually with quartz in crystalline rocks 
associated with cassiterite, topaz, fluorite, apatite, molybdenite, 
wolframite, etc. Found at times with gold. Occurs in connection 
with the tin deposits of Bohemia, Saxony and Cornwall; in quantity 
in New South Wales and Queensland. Found in the United States 
at Trumbull, Connecticut; near Randsburg, San Bernardino County, 
California; near Browns, Humboldt County, Nevada; near Dragoon, 
Cohise County, Arizona. 
Use. A subordinate ore of tungsten, wolframite (which see) 


furnishing the greater amount. Tungsten is used chiefly as a 
steel-hardening metal. 


Fig. 357. 


Wulfenite. 


Composition. Lead molybdate, PhMoO, = Molybdenum tri- 


oxide 39.8, lead oxide 60.7. Calcium sometimes replaces the 
lead. ; 
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Crystallization. Tetragonal; tri-pyramidal. Crystals usually 
square tabular in habit with prominent base. Sometimes very 
thin. Edges of tables beveled with faces of low second order 
pyramid. More rarely pyramidal in habit. Pyramid of third 
order in small faces and very rare. 

Structure. In crystals; also massive granular, coarse to fine. 

Physical Properties. H.= 4.5-5. G. = 6.05. Vitreous to 
adamantine luster. Color yellow, orange, red, gray, white. 
White streak. Transparent to subtranslucent. 

Tests. Easily fusible at 2. Gives a lead globule when fused 
with sodium carbonate on charcoal. With salt of phosphorus 
in R. F. gives green bead; in O. F. yellowish green when hot to 
almost colorless when cold. If powdered mineral is moistened 
with concentrated sulphuric acid and evaporated almost to dry- 
ness in a porcelain crucible the residue will show a deep blue 
color on cooling (molybdenum). 

Occurrence. Found in the oxidized portion of lead veins with 
other ores of that metal, especially vanadinite and pyromorphite. 
Found in the United States in a number of places in Utah, Nevada, 
Arizona and New Mexico. 

Use. An ore of molybdenum. Molybdenum is used as a 
steel-hardening metal. In the form of ammonium molybdate 
it is used as a chemical reagent, as a fireproofing material and 
as a disinfectant. Molybdenum used also to color leather and 
rubber. 


LISTS OF MINERALS ARRANGED ACCORDING 
TO ELEMENTS. 


In the following section are given lists of the minerals that are 
of commercial importance because of some element which they 
contain. All of the minerals that could serve as a source of 
any particular element are grouped together, their relative 
importance being indicated by the type used in printing their 
names. The order in which the minerals are given in each list 
is the same as that in which they are described in the previous 
section of this book. The different elements have been treated 
in alphabetical sequence in order to facilitate ready reference 
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to them. Each table will be followed by a brief general discus- 
sion of the occurrence of the minerals given in it and by a short 
statement as to the uses of the element derived from them. 


Aluminium. 
Cryolite, Na;AlF,. Bauxite, Al,O(OH).. 
Corundum, AlI.Os. The Feldspars, KAISi,O;, NaAlSi,Os, 
CaAl,$i20s, etc. 
Gibbsite, Al(OH);. Kaolin, H,A1,Si,O.. 


Aluminium is the most common of all the metals. Unlike 
other metals, however, its occurrence, with the exception of the 
fluorides, is restricted to minerals containing oxygen. It is most 
abundantly found in the rock-making silicates, in the majority 
of which it is an essential constituent. It also occurs in large 
amount in the clays. The minerals which can be used as ores 
of the metal are, however, few in number, the only one at present 
of importance being bauxite. The enormous amounts of alu- 
minium contained in the various silicates are not yet available 
because of the difficulty and expense of extraction. 

Bauxite is produced in the United States chiefly from Arkan- 
sas, Alabama, Georgia and Tennessee. The deposits in Arkan- 
sas are found in Pulaski and Saline counties. They have an 
average thickness of 10 to 15 feet. In one district the beds lie 
directly upon a body of kaolin, which in turn rests upon a syenite 
rock-mass and it is probable that both minerals have been 
derived from its decomposition. The Alabama-Georgia district 
extends from Jacksonville, Alabama, to Cartersville, Georgia. 
The ore occurs as pockets or lenses in a clay which has been 
derived by weathering processes from a dolomite limestone. 
The bauxite is either pisolitic or clay-like in structure. 

Cryolite, imported from Greenland, has been used as an ore 
of aluminium and at present is used as a flux in the electrolytic 
process by which most of the metal is obtained. 

The usual process at present by which aluminium is extracted 
from the bauxite ores is briefly as follows: The ore is heated to 
low redness with sodium carbonate forming sodium aluminate. 
This compound is leached out by water and by passing CO, gas 


ANTIMONY 311 


into the solution the aluminium is precipitated as the hydroxide. 
The latter on being heated is converted into the oxide of the 
metal. The pure metal is prepared from this oxide by an elec- 
trolytic process which takes place in a bath of fused cryolite. 
The tank in which the reaction takes place is lined with carbon 
and forms the cathode, while graphite rods suspended in the 
bath serve as the anode. The metal collects in the bottom of 
the tank. 

Aluminium is valuable because of its low density and because 
it is not easily oxidized or corroded. It is a good electrical con- 
ductor and to some extent is replacing copper used for that pur- 
pose. It is used in many alloys, particularly with zinc, copper 
and nickel. It is used in small amounts in casting steel in order 
to take up any oxygen in the melt and also to prevent porosity 
in the metal. Aluminium and iron oxide are mixed in a finely 
divided state to form the material known as thermit. When 
this mixture is ignited the heat of the combustion of the alumin- 
ium is so great that it can be used in welding iron and steel. 
Sheets and tubes and castings of aluminium are used wherever a 
light weight metal is desired, for instance in the manufacture of 
certain parts of automobiles. Aluminium is used in the manu- 
facture of cooking utensils, as a substitute for lithographic stones 
and zinc plates, as powder in the manufacture of metallic paints, 
ete. It is used also in the form of salts, chiefly alum and alu- 
minium sulphate, to harden paper, in the purification of water, 
as mordants in dyeing, in baking powders, in medicine, etc. 


Antimony. 
Native Antimony, Sb. Stibnite, Sb.S;. 

Antimony occurs in a considerable number of minerals, es- 
pecially those belonging to the series known as the sulpho-salts, 
which are largely combinations of copper, lead or silver with 
antimony and sulphur. These minerals are mined, however, 
for the other metals that they contain and any antimony that 
is produced from them is in the nature of a by-product. Stib- 
nite is practically the only mineral which is mined for its anti- 
mony. This mineral has been found in the United States in a 
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comparatively few deposits. It has been mined on a small scale 
in California, Nevada and Idaho. The greater part of the 
antimony produced in the United States is derived from anti- 
monial lead which is an alloy of the two metals derived from 
the smelting of lead ores that contain small amounts of antimony 
minerals. Considerable amounts of antimony and, antimony 
ores are imported, chiefly from China, France, Italy, Mexico 
and Japan. 

Antimony is used in alloys, such as type metal (lead, antimony 
and bismuth), babbitt or anti-friction metal (antimony, tin, etc.), 
britannia metal (tin with antimony and copper), ete. Antimony 
oxide is used as a pigment and in the glazing of enameled ware. 
The sulphide is used in fireworks, in safety matches and in per- 
cussion caps. Other compounds are used in medicine and for 
various purposes in the arts. 


- Arsenic. 
Native Arsenic, As. Realgar, AsS. 
Orpiment, AsSs. Arsenopyrite, FeAss. 


Arsenic in minerals ordinarily plays the part of a nonmetallic 
element, similar to sulphur in its chemical relations. It forms 
three classes of compounds, the arsenides, the sulpharsenites 
and the arsenates. The number of minerals which contain 
arsenic is considerable but only a few can be considered as dis- 
tinctively arsenic minerals. Arsenopyrite is the only one which 
at present serves as an ore. Most of the arsenic oxide produced 
comes as a by-product in the smelting of arsenical ores for copper, 
gold, lead, etc. Large amounts of the oxide are obtained from 
the smelting of the copper ores at Butte, Mont., the mineral 
enargite, Cu;AsS,, being its chief source. The oxide is also pro- 
duced at smelting plants in Washington and Utah. Arseno- 
pyrite has been mined at Brinton, Virginia. 

Metallic arsenic is used in some alloys, particularly with lead 
in shot metal. Arsenic is chiefly used, however, in the form of 
white arsenic, or arsenious oxide. This is employed in medicine, 
as a poison, as a preservative, in making Paris green (an arsenate {3 
and acetate of copper), as a pigment, in glass manufacture, ete. — 
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Barium. 
Witherite, BaCQ;. Barite, BaSQ,. 

Barite is the chief source of barium compounds. It has been 
mined in the United States in Missouri, North Carolina, Georgia, 
Kentucky and Tennessee. The mineral is ground and sometimes 
purified by washing and then used as a partial substitute for 
white lead in paint, to give weight to paper and cloth, etc. 
Barium hydroxide is used extensively in sugar refining. 


Bismuth. 
Native Bismuth, Bi. Bismuthinite, Bi,S;. 

The most important bismuth mineral is the native metal. 
Bismuth is produced, however, mostly as a by-product in the 
smelting of gold and silver ores. Only a comparatively small 
amount is obtained in the United States, chiefly from Colorado 
and Utah. : 

Bismuth is used in the alloys which it forms with lead, tin and 
cadmium. These fuse at low temperatures and are used for 
safety fuses, safety plugs, etc. Various compounds of bismuth 
are used in medicine and in the arts. 


Cadmium. 

Greenockite, CdS. 

Greenockite is the only cadmium mineral of importance and 
this is very rare in occurrence. The cadmium of commerce is 
obtained from zinc ores that carry a small amount of the metal. 
Practically the entire output of cadmium in the United States 
comes from the zinc ores of the Joplin district, Missouri, which 
frequently contain some 0.3 per cent of the metal. The zine 
ores of Silesia have for a long time been a prominent source of 
cadmium. 

Cadmium is used in various alloys, such as low-fusing alloys, 
dental amalgam, metal for stereotype plates, etc. The metal is 
used with silver in electroplating. The sulphide, CdS, is known 
as cadmium-yellow and is used extensively as a pigment. Vari- 
ous salts of cadmium find uses in the arts. 


314 MANUAL OF MINERALOGY 


Chromium. 
Chromite, FeCrO, with MgCrO,. Crocoite, PbCrQ,. 


Chromite, or chromic iron ore, is the chief source of chromium. 
Its production in the United States is very small, coming mostly 
from Shasta County, California. It has also been found in work- 
able deposits in Pennsylvania, Maryland, North Carolina and 
Wyoming. Large amounts of the ore are imported from New 
Caledonia, Greece and Canada. 

Chromium is used as a steel-hardening metal. It gives to 
steel a superior hardness and if added in the proper proportion 
does not produce brittleness. The mineral chromite is made 
‘ into bricks that are used as linings for metallurgical furnaces. 
Various red, orange and green pigments and dyes are made from 
chromium compounds. Chromium salts are used as mordants 
in the dyeing and printing of cloth. Chromium compounds are 
useful in tanning leather. 


Cobalt. 


Linneite, Co3S.. Cobaltite, CoSAs. 
Smaltite, CoAss. 

Cobalt is a rare element which is usually found in small 
amounts associated with nickel minerals. Much of the cobalt 
of commerce is produced from other ores as a by-product. The 
only source of cobalt at present in the United States is from the 
lead ores of southeastern Missouri, where it occurs sparingly as 
the mineral linneite. The metal is produced from a cobaltif- 
erous manganese ore found in New Caledonia, and also from 
the silver ores of Cobalt, Canada. 

Cobalt is chiefly used in the form of the oxide as a blue pig- 
ment in making glass and pottery. 


Copper. 
Native Copper, Cu. Atacamite, Cu,Cl(OH);. 
Chalcccite, Cus. Cuprite, Cu,0. 
Stromeyerite, CuAgs. Malachite, Cu(OH)..CuCO;. 


Covellite, CuS. Azurite, Cu(OH),.2CuCQ;. 
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Bornite, Cu,FeS,. Chrysocolla, CuSiO;.2H.O. 

Chalcopyrite, CuFeS,. Olivenite, Cu(CuOH)AsQ,. 

Tetrahedrite, Cu.Sb.S,. Brochantite, Cus(OH),.SO.. 

Tennantite, Cu,As.S,. Chalcanthite, CuSO,.5H,0. 

Enargite, CusAsS,. 

Copper is a common and widely distributed element. It is 
found in a number of important minerals which usually occur 
in veins. Chalcopyrite is the most important ore, and in most 
cases is the only primary copper mineral in a deposit. The 
other important sulphides, bornite and chalcocite, are usually, 
although not always, the results of secondary enrichment. 
Solutions that have leached out the copper content of the upper 
portion of a copper vein will react with the unoxidized chalco- 
pyrite farther down to enrich it in respect to the amount of cop- 
per it contains and convert it into bornite and chalcocite. In 
this way copper veins often show in the upper part, just below 
the oxidized zone, a body of enriched sulphides. The veins at 
Butte, Montana, are notable examples of this. This enriched 
sulphide zone is to be observed in general when the copper veins 
traverse igneous rocks. When they lie in limestones the upper 
portion of the vein is more liable to be characterized by the 
presence of the oxidized copper ores, native copper, cuprite, 
malachite, azurite, chrysocolla, etc. Pyrite often contains small 
amounts of copper and when it occurs in large bodies becomes 
an important ore of the metal. 

Copper is produced in from fifteen to twenty of the states and 
territories of the United States. A brief description of the chief 
districts in the more productive states follows. Alaska: Three 
districts of importance have been developed; the Ketchikan 
district where the ores are contact bodies, and are composed 
chiefly of pyrrhotite, magnetite, pyrite and chalcopyrite; Prince 
William Sound district including several mines on Latouche 
Island; Copper River district where immense bodies of chal- 
cocite and azurite occur in limestone. Arizona: The most pro- 
ductive district is that of Bisbee where the ore bodies replace 
limestone and are closely associated with intrusive rocks. The 
original ores were chiefly cupriferous pyrite, but secondary en- 
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richment has extended to great depths. Near the surface large 
bodies of oxidized ores were found. The Jerome district has 
large bodies of ore lying in an igneous rock which through shear- 
ing has been rendered almost schistose in structure. The ores 
at present are largely sulphides. Clifton-Morenci district has 
its ores occurring as contact deposits lying in limestone and 
shales into which dikes of porphyry have been intruded, and as 
disseminated bodies lying in the porphyry itself. The workable 
ores are those which have undergone secondary enrichment, and 
consist of both carbonates and sulphides. Globe district has 
deposits that occur as lenticular replacement bodies in limestone 
and as deposits in fissures in diabase. Disseminated bodies also 
occur. California: The chief districts lie in Shasta County, 
where the ores occur as replacement bodies along shear zones 
in a granite porphyry. Colorado: Most of the copper from this 
state comes as a by-product in the smelting of gold and silver 
ores and is derived chiefly from Lake, San Juan, Gilpin, Chaffee 
and Clear Creek counties. Jdaho: The greater part of the out- 
put comes from the Coeur d’Alene district. The deposit con- 
sists of disseminated bornite, chaleocite and chalcopyrite in beds 
of quartzite. Michigan: This state was for a long period the 
most important producer in the country, and still ranks with 
the leading three. The ores are unique in that they consist 
wholly of native copper. They occur on Keweenaw Peninsula, 
the rocks of which consist of a series of alternating sandstone 
conglomerate beds and basic lava flows, all inclined at a steep 
angle to the northwest. The copper is found disseminated 
through and acting as a cement in the conglomerates, and in less 
important deposits in the amygdaloidal layers of the lavas. 
Montana: The one important district, and for a number of 
years the most important copper district in the world, is at 
Butte. The ores occur as replacement veins in a granitic rock. 
The ores have been very greatly enriched by secondary action 
forming at times very large sulphide bodies. The important 
ore minerals are chalcopyrite, chalcocite and enargite. Nevada: 
The important district is at Ely, where the sulphide ores occur 
as disseminations in highly altered porphyry. New Mevico: 
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The Santa Rita~Hanover and the Burro Mountain districts are 
the chief producers. Tennessee: The chief district is that of 
Ducktown. The ores occur as steeply dipping lenses in a schist 
and contain chiefly pyrrhotite, pyrite and chalcopyrite. Utah: 
The Bingham district has ores which are closely associated with 
a granitelike rock called monzonite which is intruded into a 
series of quartzites, limestones and shales. The bodies are 
either contact deposits in limestone or in large disseminated 
deposits in the monzonite. The Tintic district has ore bodies 
occurring as contact deposits, replacements in limestone and 
filling fissures, the last being the most important. The Frisco 
district has ores which consist of pyrite and chalcopyrite occur- 
ring disseminated in a monzonite. 

Important copper deposits outside of the United States are 
at Rio Tinto in Spain; in Australasia, at Mount Lyell in Tas- 
mania, at Wallaroo and Moontain, South Australia, at Mount 
Morgan in Queensland and at different localities in New South 
Wales; in Mexico at Cananea and at various districts in Sonora, 
etc.; in Canada at the Boundary district in British Columbia 
and the Sudbury district in Ontario. Chile, Japan and Germany 
also produce notable amounts of copper. 

Copper is extensively used in the form of wire, sheet and nails. 
A large amount, chiefly as wire, is used as an electrical conductor. 
It has important uses in various alloys, as brass (copper and 
zinc), bronze and bell metal (copper and tin, at times zinc also), 
German silver (copper, zinc and nickel), etc. Copper sulphate, 
or blue vitriol, is used in calico printing and in galvanic cells. 


Gold. 
Native Gold, Au, with small amounts of Ag. 
Petzite, (Ag,Au)2Te. Krennerite, AuTep. 
Sylvanite, AuAgTex. Calaverite, AuTe:. 


By far the greater part of gold occurs as the native metal. It 
enters into only one series of compounds, the tellurides, and 
these minerals, while at times forming rich ore deposits, as at 
Cripple Creek, Colorado, are found in only a few districts. For 
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the occurrence and associations of the gold ores see under gold, 
page 125; under calaverite, page 158; and sylvanite, page 157. 

The uses of gold for jewelry, plating and coins are well known.” 
The standard gold for United States coin is composed of 9 parts 
gold and 1 part copper. The gold used in jewelry is alloyed with 
copper and silver in order to harden it. The purity of gold is 
given in carats; 24 carats being the pure metal. Most of the 
gold used is 18 carats fine or }$ gold and ,f, other metals. Gold 
is used as the standard of international exchange and one troy 
ounce is worth $20.67. 


Iron. 
Hematite, Fe.Os. Goethite, Fe.0;(OH)>. 
Magnetite, Fe;O,. Limonite Fe,0;(OH)<. 
Turgite, Fe,O;(OH)s. Siderite, FeCOs. 


Iron, next to aluminium, is the most abundant metal in the 
crust of the earth. It very rarely occurs native, being found 
chiefly in the form of oxides, sulphides and silicates. It is found 
in greater or less amount in many rocks, especially in those that 
contain the amphiboles, pyroxenes, micas or olivine. The min- 
eral species that contain iron are very numerous but the minerals 
of importance as ores number only three or four. Iron occurs 
in large amounts in the sulphides, pyrite, FeS., being the most 
common of all sulphides. These, however, never serve as ores 
of the metal because of the injurious effects of the presence of 
sulphur upon the iron. The minerals used as ores are the 
various oxides or the carbonate. 

The various iron ores are formed under different conditions, 
and as a rule occur alone or in association with only small 
amounts of any one of the others. For discussion of the occur- 
rence of the iron ores see, therefore, under hematite, page 184; 
magnetite, page 189; limonite, page 200; and siderite, page 210. 

Hematite is by far the most important ore of iron, forming in 
the United States about nine-tenths of the ore produced. Limo- 
nite and magnetite form each about one-twentieth of the total, 
while the amount of siderite produced is almost negligible. 
Hematite ore comes chiefiy from the various Lake Superior dis- 
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tricts and to a much less extent from Alabama. Limonite is 
found in the Appalachian states, and magnetite in New York, 
New Jersey and Pennsylvania. Siderite is obtained from Ohio. 

Nearly one-half of the world’s production of iron ore comes 
from the United States; the amount produced from Minnesota 
alone nearly if not quite equals that produced in any other 
country. Germany and Great Britain, Spain and France, are 
notable producers of iron. 

The uses of iron and steel are too well known to need dis- 
cussion. Copperas, or green vitriol, FeSO,.7H.O, is the most 
important salt of iron, being used in dyeing, in making inks, 
Prussian blue, rouge, and as a disinfectant. Rouge, Fe.03, is 
used as a polishing powder and as a red paint. Considerable 
amounts of soft iron ore, known as paint ore, are ground for 
mineral paints, such as ocher, umber, sienna, etc. 


Lead. 
Galena, PbS. Vanadinite, Pb,(PbCl)(VO,)s. 
Cerussite, PbCO:. Anglesite, PbSO,. 
Phosgenite, (PbC1)CO;. Crocoite, PrCrO,. 


Pyromorphite, Pb,(PbCl)(PO,)s. 

Mimetite, Pb,(PbCl)(AsO,);. Wulfenite, PhMoO,. 

Galena is the usual primary ore of lead and furnishes by far 
the greater part of the metal. Cerussite and anglesite are 
secondary minerals which occur in smaller amounts in the oxi- 
dized zone of lead deposits. Galena occurs most commonly 
associated with zinc ores, especially sphalerite, or in connection 
with silver ores. Lead, which is derived from ores that are free 
from silver, is known as ‘“‘soft lead,’’ while ‘‘desilverized” lead, 
which is obtained from silver ores, is known as “hard lead.” 
Lead ores are most commonly found as replacement deposits in 
limestone rocks, either in the form of beds or irregular bodies, 
or as small masses disseminated through a stratum of the rock. 
For the associations and distribution of lead ores see under 
galena, page 139. 

Metallic lead is used in the form of sheet, pipe, etc. It is used 
to make weights, bullets and shot. It is a constituent of various 
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alloys such as solder (lead and tin), type metal (lead and anti- 
mony), low-fusing alloys (lead, bismuth and tin). A large 
amount of lead is used in the form of the basic carbonate; 
(Pb.OH):Pb(COs)2, which is known as white lead, and is very 
valuable as a paint. The oxides of lead, litharge, PbO, and 
minium, Pb,O,, are used in making fine grades of glass, in glaz- 
ing earthenware and as pigments. Lead chromates are used as 
yellow and red paints. Lead acetate, known as sugar of lead, 
has important uses in various industries. 


Manganese. 
Alabandite, MnS. Psilomelane, MnO., MnO, etc. 
Franklinite, (Fe,Mn,Zn)(Fe,Mn).0,. 
Braunite, Mn(Mn,Si)Os3. Wad, mixture of oxides, 
Manganite, Mn,(OH).Os. Rhodochrosite, MnCOs. 
Pyrolusite, MnO,. Rhodonite, MnSiQs. 


Manganese is an element that is widely distributed in small 
amounts. ‘Traces of it at least are to be found in mostrocks. It 
most commonly occurs in silicates, oxides and carbonates. The 
oxides are the most abundant, and practically all of the metal 
is derived from them. 

The ore deposits of manganese are ordinarily of secondary 
origin. The manganese existing in the rock-making silicates, 
through the agency of weathering processes, is changed to an 
oxide. By some process of concentration these minerals are 
often gathered together into irregular bodies lying in residual 
clays. At times the manganese oxides occur associated with 
iron oxides, and when this is the case the two are smelted to- 
gether to form directly an iron-manganese alloy used in making 
steel. Manganese minerals also frequently occur as gangue 
minerals in connection with silver ores. A manganese ore to 
be of commercial value should contain at least 40 per cent of 
metallic manganese and be low in percentages of phosphorus 
and silica, 

Manganese is obtained in the United States from the following 
materials: manganese ores, manganiferous iron ores, manganif- 
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erous silver ores, and from the residuum left from smelting the 
zine ores of Franklin Furnace, New Jersey. Manganese ores are 
found in commercial deposits in Virginia, Georgia, Arkansas and 
California. Manganiferous iron ores are found in Virginia, and at 
various places in the Lake Superior iron-ore districts. Manga- 
niferous silver ores are found in the Rocky Mountain and Great 
Basin regions, the principal locality being Leadville, Colorado. 
The zinc ores of Franklin Furnace, New Jersey, contain small per- 
centages of manganese, chiefly in the mineral franklinite, and in 
the smelting of them the manganese remains in the residuum from 
which it is later obtained. This is the most important source 
of manganese at present in the United States. Because of the 
small domestic production of manganese ores large amounts 
have to be imported. These come largely from India and Brazil. 

Manganese is chiefly used in the form of alloys, those with 
iron being the most important. Spiegeleisen is an alloy of iron 
and manganese containing below 20 per cent of manganese, 
while ferromanganese contains manganese ranging in amount 
from 20 to 90 per cent. These alloys are extensively used in 
the manufacture of steel. They serve to take away any oxygen 
that might be in the iron, the oxygen uniting with the manganese 
and going into the slag. They serve also to introduce carbon 
into the steel and to prevent its oxidation, and also to counteract 
the bad effects of sulphur and phosphorus. Manganese has 
also of itself a hardening influence on steel. For these reasons 
manganese steels have a wide use. 

Chemical uses of manganese compounds include the use of 
the oxide, pyrolusite, MnO,, as an oxidizer in the manufacture 
of chlorine, bromine and oxygen, as a drier in paints and var- 
nishes, as a decolorizer of glass, and in the dry-cell battery. 
Potassium permanganate is used as a disinfectant. Manganese 
is used in printing calico and for coloring bricks, pottery and 


glass. 
Mercury. 
Cinnabar, HgS. 
Mercury, or quicksilver, is feetthaie abundant nor widespread 
in its occurrence. The native metal is sometimes found and 
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other rare minerals of mercury are occasionally noted, but 
practically the only ore of the metal is the sulphide, cinnabar. 
For the occurrence and distribution of mercury, therefore, see 
under cinnabar, page 144. 

The most important use of mercury is in the amalgamation 
process for recovering gold and silver from their ores. It is 
used in the form of an amalgam with tin in “silvering”’ mirrors. 
It is used in thermometers, barometers, ete. Mercury salts, 
especially calomel, are used in medicine. The sulphide is used 
as the pigment called vermilion. 


Molybdenum. 
Molybdenite, Mos:. Wulfenite, PhMoQ,. 


Molybdenum is a rare element occurring chiefly as the sul- 
phide, molybdenite. More rarely wulfenite may serve as an 
ore. See under molybdenite, page 137, and under wulfenite, 
page 308, for their occurrence and distribution. Only a small 
amount of molybdenum is produced in the United States. 

Molybdenum is used to a small extent as a steel-hardening 
metal. In the form of ammonium molybdate it is used as a 
chemical reagent, as a fireproofing material, and as a disin- 
fectant. Molybdenum compounds are also used to color leather 
and rubber. 


Nickel. 


Pentlandite, (Ni,Fe)S. Chloanthite, NiAs». 
Millerite, NiS. Gersdorffite, NiAsS. 
Niccolite, NiAs. Genthite, Ni,Mg,Sis0,).6H,O(?). 


Nickeliferous Pyrrhotite. Garnierite, noumeaite, H,NiSiO,(?). 
Linnzite, (Co,Ni,Fe)S,. 


Nickel is a comparatively rare element, found often associated 
with cobalt. Its minerals are frequently found in small amounts 
in connection with magnesian igneous rocks, where it is com- 
monly assuciated with chromite. Only a few localities produce 
the metal in commercial quantities, the world’s output coming 
mostly from the uickeliferous pyrrhotite ores of Sudbury, On- 
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tario, Canada; or from the silicate (garnierite) ores of New Cale- 
donia. The production of nickel from ores mined in the United 
States is very small. 

The chief use of nickel is in various alloys. Nickel steel, con- 
taining about 3.5 per cent of nickel, has a wide use because of its 
great strength and toughness. Other alloys are German silver 
(nickel, zine and copper); metal for coinage (nickel and copper). 
Large amounts of nickel are used in nickel plating. 


Platinum. 
Native Platinum, Pt, with some iron and traces of the rare 
platinum metals. Sperrylite, PtAs». 


Platinum is a rare element which usually occurs native. Its 
only known compound occurring as a mineral is the arsenide, 
sperrylite, which has been found very sparingly in two or three 
localities in association with copper and nickel ores. Platinum 
is characteristically found associated with the magnesian rocks 
ealled peridotites and often with chromite. The only commer- 
cial deposits of platinum so far known are placer deposits, the 
materials of which have been derived from the weathering of 
the rocks that contained the platinum in disseminated particles. 
For the occurrence and distribution of platinum see page 131. 

The uses of platinum chiefly depend upon its high fusing point 
(1700° to 1800° C.) and its resistance to chemical reagents. It 
is valuable for all sorts of laboratory apparatus, such as crucibles, 
dishes, spoons, etc. It is used in the sulphuric acid industry 
for concentrating kettles and also in the contact process for the 
manufacture of the acid in the form of finely divided platinum, 
in contact with which the acid is formed. It is largely used as 
wire to form the electrical connections with the filaments of 
incandescent electric lights. It is used in jewelry, particularly 
as the setting for diamonds, in dentistry in the making of false 
teeth, in electrical heating apparatus, for sparking plugs in ex- 
plosion motors, in the measuring of high temperatures, in elec- 
trical contacts, ete. Potassium chloro-platinate, 2KCI.PtCl., is 


employed in photography. 
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Silver. 
Native Silver, Ag. Proustite, 3Ag,8.As.S8;. 
Argentite, As,S. Stephanite, 5Ag,S.Sb.S8;. 
Stromeyerite, Ag.S.Cu,S. Polybasite, 9Ag.S.Sb.5s3. 
Sylvanite, AgAuTe,. Cerargyrite, AgCl. 
Pyrargyrite, 3Ag,.5.Sb.8;. Embolite, Ag(Cl,Br). 


It is to be noted that none of the silver minerals contain oxy- 
gen, the most important series being included in the sulphide 
and sulpho-salt groups. Besides the distinctively silver min- 
erals listed above, several minerals of other metals contain at 
times sufficient silver to make them valuable ores of the metal. 
Most important among these are the argentiferous varieties of 
galena, chalcocite, bornite, chalcopyrite and tetrahedrite. These 
minerals form the most common ores of silver, either because of 
the small amounts of silver which they contain, or the small 
amounts of silver minerals associated with them. 

The important ores of silver can be divided into three main 
classes, namely, the siliceous ores, copper ores and lead ores. 
The siliceous ores are those ores which contain large propor- 
tions of quartz with small amounts of gold and silver minerals 
and are comparatively free from other metals. Most of them 
contain both gold and silver, the gold value being often in excess 
of the silver value. The chief districts in which this type of 
silver ore is produced are Tonopah in Nevada; the San Juan, 
Leadville and Aspen districts in Colorado; Granite, Jefferson 
and Silverbow counties in Montana; and in various districts 
in Idaho, Arizona, California, South Dakota and Utah. The 
important deposits of copper ores which contain a notable 
amount of silver are found at Butte in Montana; at the Bingham 
and Tintic districts in Utah; at the Bisbee, United Verde and 
Silver Bell districts in Arizona; in Shasta County, California; 
and at various places in Idaho, Michigan and Colorado. The 
important deposits of lead ore that produce silver are to be 
found at the Coeur d’Alene district in Idaho; at the Bingham 
and Tintic districts in Utah; at the Creede, San Juan and Lead- 
ville districts in Colorado; and at various districts in Nevada, 
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Montana and Arizona. For the production of these different 
classes of silver ores see Appendix IIT. 

The important foreign countries for the production of silver 
are Mexico, Canada and Australia. In Mexico the chief dis- 
tricts are Guanajuato, Pachuca, El Oro, Parral and Santa Eulalia; 
in Canada in the Boundary and Kootenai districts in British 
Columbia and the Cobalt district in Ontario; in Australia 
chiefly from the Broken Hill district in New South Wales. 

In connection with silver ores the following facts are of in- 
terest. Owing to the high value of silver, only a small per- 
centage of the metal in an ore is sufficient to make it valuable. 
For instance, an ore that contained only 0.34 per cent of silver 
_ would yield 100 ounces to the ton, which is an amount much 
larger than usual. In giving the assay value of an ore, the 
amount of silver is usually stated in ounces per ton of ore. 
Lead-silver ores are of value because in the smelting the silver 
will be taken up by the lead. Ores containing calcium car- 
bonate and iron and manganese minerals are of value because 
of the service of these materials in fluxing the ore. Zine min- 
erals detract from the value of an ore because of the added 
difficulty in smelting caused by their presence. 

The uses of silver for coinage, for various useful and ornamental 
objects and for plating are too well known to need discussion. 
The standard silver coin for the United States contains nine 
parts of silver to one of copper. Silver salts are used in photog- 
raphy and caustic silver (AgNO;) is employed in medicine. 

Tin. 
Stannite, Cu.S.FeS.SnS. Cassiterite, SnO:. 

The only ore of tin of importance is the oxide, cassiterite. 
This is a mineral which, while occurring in small quantities in 
many localities, is found only in a comparatively few commercial 
deposits. For the occurrence and distribution of the mineral 
see page 193. The United States at present produces only a 
small amount of tin ore. 

Tin is chiefly used in the coating or ‘“‘tinning” of metals, es- 
pecially iron. The tin plate thus formed is used in roofing, in 
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various utensils, etc. An amalgam of tin and mercury is used 
in “silvering” mirrors. Various alloys are valuable, such as 
solder (tin and lead), bronze and bell metal (copper and tin). 
The artificial oxide of tin is used as a polishing powder. Stannic 
chloride is employed as a mordant in dyeing. 


Titanium. 
Ilmenite, titanic iron, FeTiO; | Octahedrite, TiO:. 
with MgTiO; and Fe,Os. Brookite, TiOs. 
Rutile, TiO,. Titanite, CaTiSiO,. 


Titanium is a rare element, but is quite widely distributed in 
small quantities. In the form of the minerals rutile and titanite 
it is present in most igneous rocks. Ilmenite is commonly — 
found in the basic igneous rocks, and is often associated with 
magnetic iron ores. 

Very little titanium ore is produced in the United States. 
Rutile deposits occur in Virginia, and some of the Adirondack 
magnetite deposits contain considerable ilmenite. 

The present uses of titanium are rather limited. It has been 
used in steel and cast iron, in which it serves to eliminate the 
oxygen and nitrogen. It is also said to give a high tensile 
strength and great ductility to the steel. It is being used to 
some extent in the manufacture of electrodes for arc lights. 
The oxide is used to give a yellow color to porcelain, and to give 
a natural color to false teeth. 


Tungsten. 


Wolframite, (Fe,Mn)WO,. Scheelite, CaWOQO,. 
Hiibnerite, MnWO,. 


Tungsten is a rare acid-forming heavy metal found chiefly in 
the tungstates of iron and calcium, wolframite and scheelite. 
For the occurrence and distribution of these minerals see under 
wolframite, page 307, and scheelite, page 308. 

The most important use to which tungsten is put is as a steel- 
hardening metal. Tungsten steels hold their temper at high 
temperatures and are therefore valuable for the making of high- 
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speed tools, ete. Because of its high fusing point metallic 
tungsten is used as a filament in incandescent electric lights. 
Sodium tungstate is used in fireproofing cloth and as a mordant 
in dyeing. Calcium tungstate is used as the luminous screen in 
X-ray apparatus. 
Vanadium. 
Roscoelite, H:sK.(Mg,Fe)(Al,V).(SiO;)2(?). 
Vanadinite, Pb.(PbCl)(VO,);. Carnotite, K(UO.)2(VO,)2.3H20(?). 


Vanadium is an acid-forming metal which is known in a num- 
ber of very rare minerals. The three listed above are the only 
ones which occur in sufficient quantities in the United States to 
be available for ores. Roscoelite is a green micaceous mineral 
containing about 2 per cent of metallic vanadium. It is found 
in a soft sandstone near Placerville, Col. Carnotite is a sulphur- 
yellow pulverulent mineral of doubtful composition which is 
found in sandstones in several districts in Colorado and Utah, 
near the boundary line between the two states. Vanadinite is 
a secondary lead mineral which is found sparingly in the oxi- 
dized zones of certain lead deposits in Arizona and New Mexico. 
All of these ores are low grade, and are worked only in a small 
way and at intervals. The chief supply of vanadium ores at 
present comes from Peru, where there are large deposits of an 
impure carbonaceous sulphide of vanadium, known as patronite. 

Vanadium is used chiefly in steel, and is said to give it great 
tensile and elastic strength. Metavanadic acid, HVO,, is used 
as a yellow pigment, known as vanadium bronze. Vanadium 
oxide serves as a mordant in dyeing. 


Zinc. 
Sphalerite, ZnS. Smithsonite, ZnCO;. 
Zincite, ZnO. Willemite, Zn,SiO,. 


Franklinite, (Fe,Zn,Mn)(Fe,Mn).0s. 
Calamine, (ZnOH),SiO,. 
The sulphide, sphalerite, is the one common primary ore of 
zinc. The carbonate, smithsonite, and the silicate, calamine, 
are usually associated with sphalerite deposits as secondary 
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minerals. The three minerals, zincite, franklinite and willemite, 
are found in unique deposits at Franklin Furnace, New Jersey. 
Together with a large number of rare and unusual minerals they 
form anticlinal beds lying intercalated in a limestone series. In 
general sphalerite, the chief ore of zinc, is found in irregular 
replacement deposits in limestone. It is very frequently inti- 
mately associated with lead minerals. For its occurrence and 
distribution see page 142. 

Metallic zinc, or spelter, as it is called, is chiefly used for gal- 
vanizing iron, as an alloy with copper in brass, and in storage 
and telegraph batteries. Zinc dust or zinc shavings are used to 
precipitate gold from its solution in the cyanide process. Large 
amounts of zinc oxide, or zinc white, are used as a white paint 
which is even more permanent than lead paints. Zinc chloride 
is used as a wood preservative. 


OCCURRENCE AND ASSOCIATION OF MINERALS. 


Although minerals are found in many modes of occurrence, 
and in an almost endless variety of associations, there are, how- 
ever, certain frequent and important ways in which they occur 
that should be pointed out. An understanding of the condi- 
tions under which a particular mineral is usually formed, together 
with a knowledge of what other minerals are characteristically 
associated with it, is of the greatest value. On the following 
pages is given, therefore, a brief discussion of the more important 


modes of mineral occurrence, and of the more common associa- 
tions observed. 


Rocks and Rock-making Minerals. 


Since by far the greater part of minerals occur as rock con- 
stituents a short description of the more important rock types 
and of the common rock-making minerals will be given first. 
Only the barest outline of the subject can be given here and for 
more detailed information the reader is referred to one of thr 
textbooks whigh treat more particularly of petrology. gh- 
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Rocks may be divided into three main divisions, namely: 
I. Igneous. 
Il. Sedimentary. 
Ill. Metamorphic. 


I. Igneous Rocks. 


Igneous Rocks, as the name indicates, are those which have 
been formed by the cooling and consequent solidification of a 
once hot and fluid mass of rock material. This liquid mass 
is known as a rock magma. A magma, in a measure, is like 
a solution containing in a dissociated condition the elements 
which, when the mass cools sufficiently, unite to form the various 
minerals that go to make up the resulting rock. The elements 
which form the chief constituents of the magmas of igneous 
rocks are oxygen, silicon, aluminium, iron, calcium, magnesium, 
sodium and potassium, named in the order of their abundance. 
When a magma cools these elements unite to form various 
mineral molecules, which, when the point of supersaturation 
is reached, crystallize out to form the minerals of the rock. 
Certain compounds under similar conditions crystallize out 
of the fluid mass earlier than do others. In most igneous 
rocks a more or less definite order of crystallization for their 
mineral constituents can be determined. In general the more 
basic minerals or those which contain the smaller amounts of 
silica, which is the acid element in igneous rocks, are observed 
to crystallize first and the more acid minerals last. Among the 
commoner rock-making minerals the following would be the 
usual order of crystallization; iron oxides like magnetite first, 
then the ferro-magnesian minerals like pyroxene, next the 
plagioclase feldspars, then orthoclase and lastly quartz. 

The type of minerals to be found in any igneous rock would 
depend_chiefly upon the chemical composition of the original 
magma. If the magma was acid in character, i.e., had a high 
percentage of silica, the resulting rock would contain the more 
acid minerals and an abundance of free quartz. It would 
a: ually be light in color. If, on the other hand, the magma had 
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a low percentage of silica, or in other words was basic in char- 
acter, the resulting rock would contain the more basic minerals 
and would not show free quartz. It would also in general be 
dark in color. 

In addition to the wide variation in chemical and mineral 
composition shown by igneous rocks there is also a variation in 
their physical structure. This is dependent upon the mode of 
origin of the rock. If a rock has been formed from a magma 
buried at a considerable depth in the crust of the earth it must 
have cooled very slowly and taken a long period of time for its 
gradual crystallization and solidification. Under these condi- 
tions the mineral particles have had the opportunity, because 
of the slowness of crystallization, to grow to considerable size. 
A-rock having such a deep-seated origin has, therefore, a coarse- 
grained structure and the various minerals that go to form the 
rock can in general be differentiated and recognized by the 
unaided eye. Such rocks are commonly termed plutonic. 

On the other hand, if, by volcanic forces, the magma, has been 
extruded upon the surface of the earth or intruded in the form 
of dikes into the rocks lying close to the surface, its subsequent 
cooling and solidification go on quite rapidly. Under these con- 
ditions the mineral particles have little chance to grow to any 
size and the resulting rock is fine-grained in character. In some 
cases, indeed, the cooling has been too rapid to allow the separa- 
tion of any minerals and the resulting rock is like a glass. Ordi- 
narily the mineral constituents of such a rock are only to be 
definitely recognized by a microscopic examination of a thin 
section of the rock. Such igneous rocks are known as volcanic 
rocks. 

An igneous rock, because of the mode of its formation, con- 
sists of crystalline particles which may be said to interlock with 
each other. In other words, it is a solid mass, and each mineral 
particle is intimately and firmly embedded in the surrounding 
particles. This structure will enable one ordinarily to distin- 
guish an igneous from a sedimentary rock, the latter being com- 
posed of grains which do not interlock with each other but stand 
out, more or less, by themselves. A sedimentary rock is not 
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so firm and coherent as an igneous rock. Further the texture 
of an igneous rock is the same in all directions and it forms a 
fairly uniform and homogeneous mass. This characteristic will 
enable one to distinguish an igneous from a metamorphic rock, 
since the latter shows a more or less definite parallel arrange- 
ment of its minerals and a banded structure. 

Because of the almost infinite variation possible in the chemi- 
cal composition of their magmas, and because of the various 
conditions under which they may form, igneous rocks show like- 
wise a wide variation in character. The more common and 
important types, however, are very briefly described below. 


Plutonic, Coarse-grained Rocks. 


1. Granite. A granite is a medium- to coarse-grained, light- 
colored rock having an even texture and consisting chiefly of 
quartz and a feldspar. Frequently both orthoclase and a 
plagioclase feldspar, and usually also small amounts of mica or 
hornblende are present. The feldspars can be recognized by 
their color and cleavage. Frequently the orthoclase is colored 
flesh-color or red, while the soda-lime feldspar is usually white. 
The quartz is recognized by its glassy luster and conchoidal 
fracture. It is usually white or smoky-gray in color and is 
found in irregular grains filling up the interstices between the 
other minerals. The mica, which may be either muscovite or 
biotite, is to be recognized by its cleavage. Granite is a common 
rock type. 

2. Syenite. A syenite is a medium- to coarse-grained light- 
colored rock with an even texture and much like a granite in 
appearance. It is to be distinguished from granite, however, by 
the fact that it contains little or no quartz. Its chief minerals 
are the feldspars, with more or less hornblende, mica or pyroxene. 
A variety, known as nephelite-syenite, is characterized by the 
presence of considerable amounts of nephelite. Another variety, 
called anorthosite, is composed chiefly of labradorite. The 

‘feldspars, mica and hornblende may be distinguished as de- 
scribed under granite. The pyroxene resembles hornblende in 
appearance, but does not show as good a prismatic cleavage. 
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Nephelite is recognized by its lack of a distinct cleavage and its 
oily and greasy luster. Syenites are not very common. ; 

3. Diorite. Diorite is a medium- to coarse-grained dark gray 
or greenish colored rock having an even texture and consisting 
chiefly of hornblende and a feldspar, in which the hornblende 
predominates. Often fine grains of iron ore may be observed, 
and frequently considerable amounts of biotite. It is a common 
rock type. 

4, Gabbro. Gabbro is a medium-to coarse-grained dark gray 
to greenish black rock with an even texture composed chiefly 
of pyroxene and a feldspar. It is closely similar to diorite, the 
distinction lying in the fact that it contains pyroxene instead 
of amphibole. These two minerals, as they occur in these rocks, 
cannot always be told apart by a megascopic examination. 
The pyroxene is usually in small crystal grains with rather poor 
prismatic cleavages which are at nearly right angles to each 
other. Hornblende is more liable to be in longer prismatic 
crystals and shows better cleavages, the angle of which is ——_ 
125°. It is a common rock. 

5. Dolerite. This is a name given to those varieties of diorite 
and gabbro which are too fine-grained in character to enable 
one to tell megascopically whether the dark-colored mineral 
which they contain is hornblende or pyroxene. 

6. Peridotite. A peridotite is a medium- to coarse-grained 
dark green to black rock with an even texture which consists 
wholly of ferromagnesian minerals. These are chiefly olivine, 
pyroxene and hornblende. As one or the other of these minerals 
predominates, various variety names are used, such as dunite for 
an olivine rock and pyroxenite and hornblendite for respectively 
pyroxene and hornblende rocks. Common accessory minerals 
found in these rocks are ilmenite, chromite and garnet. The 
peridotites are not very common in their occurrence. 


Voicanic, Fine-gratned Igneous Rocks. 


Because of their very fine-grained structure volcanic rocks 
cannot in general be readily told apart. A number of different 
types are recognized, the distinction between them being based, 
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however, chiefly upon microscopic study. In the field only an 
approximate classification, depending upon whether the rock 
is light or dark in color, can be made. A brief description of 
these two types of volcanic rocks follows. 

1. Felsite. This is a dense fine-grained rock type with a stony 
texture and includes all colors except dark gray, dark green or 
black. These rocks may, by the aid of a lens, still show a very 
fine-grained structure or their mineral constituents may occur 
in such small particles as to give them a dense and homogeneous, 
often a flinty, appearance. By microscopic study the felsites 
have been divided into the following groups; rhyolite, consisting 
chiefly of alkaline feldspars and quartz; dacite, lime-soda feld- 
spars and quartz; trachyte, alkaline feldspars with little or no 
quartz; andesite, soda-lime feldspars with little or no quartz; 
phonolite, alkaline feldspars and nephelite. As-a rule these 
varieties are not to be distinguished from each other in the field. 
The felsites are widespread in their occurrence, being found as 
dikes and sheets intruded into the upper part of the earth’s crust 
or as lava flows which have been poured out upon the earth’s 
surface. 

2. Basalt. The basalts are dense fine-grained rocks that are 
of very dark color, green or black. They are composed of micro- 
scopic grains of a soda-lime feldspar with pyroxene, iron ore, 
often more or less olivine and at times biotite or hornblende. 
These rocks are formed under the same conditions as the felsites 
and are to be found occurring in the same ways. 

3. Glassy Rocks. Some of the volcanic rocks have cooled 
so rapidly that they are wholly or in part made up of a glassy 
material in which the different elements have not had the neces- 
sary opportunity to group themselves into definite minerals. 
If the entire rock is composed of glass it is called obsidian, when 
it has a bright and vitreous luster; pitchstone when its luster is 
dull and pitchy; perlite if it is made up of small spheroids; and 
pumice if it has a distinctly cellular structure. These rocks 
may also have distinct crystals of various minerals embedded 
in the glass, in which case they are known as glass porphyries (see 
below for a definition of a porphyry) or vitrophyres. 
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Porphyries. Igneous rocks at times show distinct crystals of 
certain minerals which lie embedded in a much finer-grained 
material. These larger crystals are known as phenocrysts, and 
the finer-grained material as the groundmass of the rock. Rocks 
exhibiting such a structure are known as porphyries. The 
phenocrysts may vary in size from crystals an inch or more 
across down to quite small individuals. The groundmass may 
also be composed of fairly coarse-grained material or its grains 
may be microscopic in size. It is the distinct difference in size 
existing between the phenocrysts and the particles of the ground- 
mass that is the distinguishing feature of a porphyry. This 
peculiar structure is due to certain conditions prevailing during 
the formation of the rock which permitted some crystals to grow 
to considerable size before the main mass of the rock consolidated 
into a finer- and uniform-grained material. The explanation of 
the reasons why a certain rock should assume a porphyritic 
structure would involve a more detailed discussion than it is 
expedient to give in this place. Any one of the above described 
types of igneous rocks may have a porphyritic variety, such as 
granite-porphyry, diorite-porphyry, felsite-porphyry, etc. Por- 
phyritic varieties are more liable to occur in connection with 
volcanic rocks, and they are also found most frequently in the 
case of the more acid types. 


II. Sedimentary Rocks. 


Sedimentary rocks are secondary in their origin, the materials 
of which they are composed having been derived from the decay 
and disintegration of some previously existing rock mass. They 
have been formed by a deposition of sediments in a body of 
water. They may be divided into two classes, depending upon 
whether their origin has been mechanical or chemical in its 
nature. In the case of the sedimentary rocks of a mechanical 
origin, their constituent particles have been derived from the 
disintegration of some rock mass, and have heen transported 
by streams into a large body of quiet water, where they have 
been deposited in practically horizontal layers. Sedimentary 
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rocks of chemical origin have had the materials of which they 
are composed dissolved by waters circulating through the rocks 
and brought ultimately by these waters into a sea, where through 
some chemical change they are precipitated upon its floor, also 
in horizontal layers. These horizontal beds of sediments are 
ultimately consolidated into the masses known as sedimentary 
rocks. 

Sedimentary rocks are therefore characterized by a parallel 
arrangement of their constituent particles into layers and beds 
which are to be distinguished from each other by differences in 
thickness, size of grain and often in color. It is to be noted, 
further, that sedimentary rocks in general are composed of an 
aggregate of individual mineral particles, each of which stands 
out in a way by itself and does not have that intimate inter- 
locking relation with the surrounding particles which is to be 
seen in the minerals of an igneous rock. In all the coarser- 
grained sedimentary rocks there is some material which, acting 
as a cement, surrounds the individual mineral particles and binds 
them together. This cement is usually either silica, calcium 
carbonate or iron oxide. The chief minerals to be found in 
sedimentary rocks are quartz and a carbonate, calcite or dolo- 
mite. These give rise to the two chief types of sedimentary 
rocks, the sandstones and the limestones. A brief description 
of these rocks follows. 

1. Sandstone. Sandstones are mechanical in their origin, 
being formed by the consolidation into rock masses of beds of 
sand and gravel. Usually the constituent grains are rounded 
and water-worn, but at times they may be more or less angular 
in shape. With the variation in the size of the mineral particles 
the rocks themselves vary in their grain. Coarse-grained sand- 
stones formed from gravels are known as conglomerates. The 
cement which serves to bind the sand grains together may be 
deposited silica, a carbonate, usually calcite, an iron oxide, 
hematite or limonite, or fine-grained argillaceous or claylike 
material. The color of the rock will depend in large measure 
upon the character of tlfe cement. The rocks which have silica 
or calcite as their binding material are light in color, usually pale 
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yellow, buff, white to gray, while those that contain an iron 
oxide are red to reddish brown. It is to be noted that when a 
sandstone breaks it is usually the cement that is fractured, while 
the individual grains remain unbroken, so that the fresh surfaces 
of the rock have a granular appearance and feeling. The chief 
mineral of sandstones is quartz, but at times a rock may contain 
notable amounts of feldspar and is then termed an arkose. 
Graywacke is a sandstone, usually of a gray color, which in addi- 
tion to quartz and feldspar contains particles of other rocks and 
minerals, , 

2. Shale. The shales are very fine-grained sedimentary rocks 
which have been formed by the consolidation of beds of mud, 
clay or silt. They have usually a thinly laminated structure. 
Their color is commonly some tone of gray, although they may 
be white, yellow, brown, green to black. They are composed 
chiefly of kaolin, mica, ete., but are too fine-grained to permit 
the recognition of their mineral constituents by the eye alone. 
By the introduction of quartz and an increase in the size of 
grain they grade into the sandstones. 

3. Limestone. The limestones are carbonate rocks composed 
usually chiefly of calcite, although dolomite may also be at times 
an important constituent. The carbonate has in the great 
majority of cases been extracted from the sea water by the 
‘agency of minute organisms and thén deposited in beds which 
ultimately are consolidated into rock. These rocks are usu- 
ally fine- and even-grained in structure and sometimes quite 
dense. Some limestones are quite pure calcite, while others con- 
tain claylike materials and various oxides as impurities. The 
color of a limestone is usually gray, although it may be white, 
yellow, brown to almost black. It is a soft rock, to be easily 
scratched by a knife. It will effervesce readily in any common 
acid. In the case of limestones composed of dolomite, however, 
the acid needs to be heated. Odlite, or odlitic fie limestones in atarié 
ety which consists of an aggregate I small spherical concretions. 
Chalk is a very fine-grained friable limestone composed of shells 
of minute sea animals known as forammifera. Travertine is a 
deposit of calcium carbonate formed by springs. A fine example 
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exists in the deposits formed by the Mammoth Hot Springs, 
Yellowstone Park. Marl is a loose, earthly material composed 
of a carbonate mixed with clay in variable amount. 


Ill. Metamorphic Rocks. 


Metamorphic rocks are rocks which have undergone some 
chemical or physical change subsequent to their original forma- 
tion. This change has been brought about by means of high tem- 
perature and pressure aided by the action of water and other 
chemical agents. The changes involve the formation of new 
minerals, the adding or subtracting of chemical constituents and 
a physical readjustment of the mineral particles to conform to 
the existing pressure. The original rock from which a metamor- 
phic rock has been derived may be either igneous or sedimentary. 
As these rocks become involved in movements of the earth’s crust, 
they are subjected to extreme pressures accompanied usually 
by high temperatures. The result will be frequently to trans- 
form the existing minerals into others more stable under the 
new conditions. The physical structure of the rock will also 
ordinarily be changed during the process. Because of the pres- 
sure to which the rock is subjected the mineral particles will be 
more or less broken and flattened and rearranged in parallel 
layers. This banded or laminated character given by the 
parallel arrangement of its minerals is the most striking pecu- 
liarity of a metamorphic rock. Because of this structure a 
metamorphic rock can be distinguished from an igneous rock. 
Further, in the great majority of cases a metamorphic rock has 
a crystalline structure which distinguishes it from a sedimentary 
rock, There are, of course, all gradations from a typical meta- 
morphic rock into an unaltered sedimentary rock on the one 
hand and into an unaltered igneous rock on the other. The 
most common types of metamorphic rocks are briefly described 
below. 

1. Gneiss. When the word gneiss is used alone it usually 
refers to a metamorphic rock composed essentially of quartz, 
feldspar and a mica. The quartz and feldspar occur together 
in layers ‘which are separated from each other by thin drawn-out 
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bands of mica. A gneiss has usually a light color, although 
this is not necessarily so. Various varieties of gneiss have re- 
ceived distinctive names, most of which are self-explanatory, like 
banded-gneiss, lenticular-gneiss, biotite-gneiss, hornblende-gneiss, 
granite-gneiss, diorite-gneiss, ete. Gmneiss is a very common rock 
type, especially in regions in which the oldest rocks, those of 
the Archean age, are found. Gneisses have been more com- 
monly derived by the metamorphism of igneous rocks, mostly 
granites, but may have been formed from sedimentary rocks as 
well. 

2. Mica-schist. Mica-schist is a rock composed essentially 
of quartz and a mica, usually either muscovite or biotite. .The 
mica is the prominent mineral, occurring in irregular leaves and 
in foliated masses. The mica plates all lie with their cleavage 
planes parallel to each other and give to the rock a striking lam- 
inated or ‘“‘schistose” structure. The mica-schists frequently 
carry characteristic accessory minerals, such as garnet, stauro- 
lite, cyanite, epidote, hornblende, etc. They may have been 
derived from either an igneous or a sedimentary rock. Next to 
the gneisses, they are the most common metamorphic rocks. 

3. Quartzite. As its name indicates, a quartzite is a rock 
composed essentially of quartz. It is a firm, compact rock 
which breaks with an uneven, splintery or conchoidal fracture. 
It is usually light in color. Quartzite has been derived from 
a sandstone by intense metamorphism. It is a common and 
widely distributed rock. 

4, Slate. Slates are exceedingly fine-grained rocks which 
have a remarkable cleavage which permits them to be split into 
thin and broad sheets. Their color is commonly gray to black, 
but may be green, yellow, brown, red, ete. They have been 
formed commonly by the metamorphism of shales. Their 
characteristic slaty cleavage may or may not be parallel to the 
bedding planes of the original shales. They are quite common 
in oecurrence. 

5. Various Schists. There are various other kinds of schistose 
rocks, which are chiefiy derived by the metamorphism of the 
ferromagnesian igneous rocks. The most important types are 
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tale-schist, chlorite-schist, amphibolite or hornblende-schist. They 
each are characterized, as their names indicate, by the prepon- 
derance of some metamorphic ferromagnesian mineral. 

6. Marble. A marble is a metamorphosed limestone. It is 
a crystalline rock composed of grains of calcite, or more rarely 
dolomite. At times the individual grains are so small that they 
cannot be distinguished by the eye, and again they may be quite 
coarse and show clearly the characteristic cleavage of the min- 
eral. Like limestone, a marble is characterized by its softness 
and its effervescence with acids. When pure, marble is white in 
color, but it may show a wide range of color, due to various im- 
purities that it contains. It is a rock which is found in many 
localities and at times in thick and extensive beds. 


The Common Rock-making Minerals. 


Although many minerals are found as rock constituents, those 
which can be termed common and characteristic rock-making 
minerals are comparatively few in number. The following list 
gives the names of these minerals, with a brief statement in each 
case of the types of rocks in which they most commonly occur. 

1. Quartz. Quartz, SiO., is a very common and widely dis- 
tributed rock-making mineral. It is found in all the light- 
colored, acid, igneous and metamorphic rocks. It is the chief 
constituent of sandstones and quartzites. It is to be recognized 
by its hardness (7), its vitreous luster, lack of cleavage and con- 
choidal fracture. When it occurs in igneous rocks it often has 
a gray or smoky color. 

2. The Feldspars. The feldspars include orthoclase and 
microcline, KAISi;Os, albite, NaAISi,O,, anorthite, CaAl,Si.0s, 
and various mixtures of these last two as oligoclase (3 albite to 
1 anorthite), andesite (1 albite to 1 anorthite) and labradorite 
(1 albite to 3 anorthite). They are very common rock-making 
minerals and are found in a great variety of rock types. They 
are characteristic of most igneous rocks, and frequently con- 
stitute a large proportion of them. They are found in the 
gneisses and to a less extent in some sandstones. They are to 
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be distinguished by their two cleavages at right angles or nearly 
so, their vitreous luster and their hardness (6). It frequently 
is difficult, if not impossible, to tell the kind of feldspar present 
in a rock by inspection alone. Under favorable conditions 
twinning striations may be observed on the best cleavage face, 
which would indicate that the feldspar belonged to the plagio- 
clase group (see page 225) and could not be orthoclase. 

3. Nephelite. Nephelite is a silicate whose composition is 
essentially NaAISiO,. It is restricted in its occurrence, being 
found only in certain igneous rocks, such as the nephelite sye- 
nites, which are low in percentages of silica. It is often mistaken 
for quartz, but the two minerals are practically never found to- 
gether. It is best determined by a chemical test. Unlike most 
rock-making minerals, it is readily soluble in hydrochloric acid 
and the solution gelatinizes on evaporation. 

4, Sodalite. Sodalite, Na,.(AICI)AI,(SiO,)3, is similar in its 
occurrence to nephelite, with which it is commonly associated. 
It may be greenish gray or white in color, but is usually blue. 
Haiiynite and noselite are similar but rare species which occur 
in the same way. 

5. Leucite. Leucite has the composition KAI(SiO;)2. It is 
a rare rock-making mineral found chiefly in rather basic lavas. 
It is commonly in the form of phenocrysts which show trape- 
zohedral forms. It is white to gray in color with a dull vitreous 
luster. 

6. The Micas. The micas are common rock-making min- 
erals. They may be divided into two classes: the light colored 
micas which are chiefly muscovite, and the dark colored micas 
consisting mostly of biotite. They are to be determined by 
their micaceous structure, eminent cleavage and the elasticity 
of their leaves. Muscovite is found in granites and syenites 
and other igneous rocks. It is especially common in the meta- 
morphic rocks, particularly the gneisses and schists. Biotite is 
found in many igneous rocks such as the granites, syenites and 
felsites. It occurs also in the gneisses and schists. 

7. The Pyroxenes. The pyroxenes form an important series 
of rock-making nunerals which, although the different members 
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vary considerably in composition, are closely related crystallo- 
graphically. The important types are hypersthene, (Mg,Fe) Si0;, 


diopside, CaMg(SiOs;)2, common pyroxene, Ca(Mg,Fe)(SiOs)s, ~ 
augite, Ca(Mg,Fe)(SiO;). with (Mg,Fe)(Al,Fe).SiO. as well, and \ * 


egirite, NaFe(SiO;). The pyroxenes are characteristically 
found in igneous rocks, particularly those that contain large, 


amounts of lime, iron and magnesia, such as basalt, gabbro, S \ 


peridotite, ete. Diopside and common pyroxene are at times 
found in metamorphic limestones. The pyroxenes vary in color 
from white through green to black. They occur usually in 
small grains or in short prisms. If they show distinct crystal 
outlines, they can be told by the square cross section of their 
prisms. They have a rather poor cleavage. 

8. The Amphiboles. The amphiboles or hornblendes are 
calcium, magnesium, iron metasilicates which closely resemble 
the pyroxenes in their chemical composition. The most im- 
portant members of the group are tremolite, CaMg;(SiOs)., 
actinolite, Ca(Mg,Fe);(Si0;),, common hornblende, Ca(Mg,Fe)s 
(SiO;),, with a molecule containing aluminium and ferric iron 
besides, and arfvedsonite, which contains chiefly soda, lime and 
iron protoxide. The amphiboles are particularly characteristic 
of the metamorphic rocks, but are found in the igneous rocks as 
well. Tremolite is most commonly found in crystalline meta- 
morphosed limestones, actinolite in schists, hornblende in 
granites, syenites and diorites, and also in gneisses and horn- 
blende schists. The amphiboles commonly occur in bladed 
prismatic crystals with a good prismatic cleavage. The cleay- 
age angle is broad, having a value of about 125°. They vary 
in color from white through green to black, but are most 
commonly green. 

9. Chrysolite, or Olivine. Chrysolite, or olivine, as it is more 
commonly termed when spoken of as a rock constituent, is an 
orthosilicate of magnesium and ferrous iron (Mg,Fe),SiO,. It is 
a characteristic constituent of the ferromagnesian igneous rocks 
such as gabbros, peridotites and basalts. It is almost the only 
mineral present in the igneous rock known as dunite. It is usually 
green in color, with a vitreous luster and granular structure. 


Ss. 
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10. Kaolin. Kaolin is a silicate of aluminium, H,Al,Si.0,, 
which is always secondary in its origin. It is formed by the 
weathering of some aluminium silicate, usually a feldspar. It 
may occur in quite pure masses where feldspathic rocks have 
been entirely altered, but is most commonly found, however, in 
an impure state in clay, and in the rocks formed from claylike 
materials such as shales, slates, etc. When pure it is often friable 
or mealy in structure, although at times it iscompact. It varies 
in color from white to yellow, brown, red, etc., depending upon 
the amount and character of the foreign material mixed with it. 

11. Chlorites. The chlorites are a group of green-colored 
micaceous minerals of which clinochlore is the most common 
member. In composition they are hydrous silicates of alumin- 
ium and magnesium. They are always secondary in their 
origin. They are frequently formed by the alteration of the 
ferromagnesian minerals occurring in igneous rocks. The green 
color of such rocks is usually due to the presence of chlorite. 
They are also common in the chlorite-schists, in green slates, ete. 
They are to be recognized by their green color, micaceous structure, 
perfect cleavage, and by the fact that their leaves are not elastic. 

12. Serpentine. Serpentine, HiMg;Si.O,, is also a secondary 
mineral formed by the alteration of some original ferromagnesian 
mineral, such as pyroxene, amphibole, and especially olivine. It 
occurs, therefore, in altered igneous rocks and in metamorphic 
rocks. It may occur in disseminated particles or in rock masses, 
of which it is the chief mineral. It is usually of some shade of 
green in color and has an oily or waxy luster. It is usually mas- 
sive in structure, but may become coarsely fibrous in the variety 
known as chrysotile. 

138. Tale. Talc, H,Mg;(SiO;),, is similar in its origin and oc- 
currence to serpentine. It is found at times in altered igneous 
rocks, but is more characteristic of metamorphic rocks where 
it may occur in large beds as soapstone. It is characterized 
by its extreme softness (1), greasy feel and also frequently by 
its foliated structure. 

14. Calcite. Calcite, CaCOs, is a common and widely dis- 
tributed rock-making mineral found chiefly in the sedimentary 
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and metamorphic rocks. Such rocks as the limestones, marbles 
and chalks are composed almost entirely of the mineral. It is 
to be told by its softness (3), its rhombohedral cleavage and its 
ready effervescence in cold acids. 

15. Dolomite. Dolomite, CaMg(CO;)., is found in the same 
way as calcite but less commonly. The two minerals are usually 
associated with each other and form dolomite marbles and 
dolomitic limestones. Its physical properties are practically 
the same as those of calcite. It will only effervesce, however, 
in hot acids. 


Accessory Rock-making Minerals. 


In addition to the more important and common rock-making 
minerals that have been described in the preceding pages, there 
is a group of minerals which are characteristically found as rock 
constituents but in a minor way. They occur usually only as 
small and scattered crystals in the rock and seldom become one 
of its prime constituents. These minerals are known as acces- 
sory rock-making minerals. The occurrences of the more im- 
portant of them are briefly described below. 

1. Garnet. Garnet isa common accessory mineral, being par- 
ticularly characteristic of the metamorphic rocks. It is found 
frequently in mica-schists, hornblende-schists, gneisses and meta- 
morphosed limestones. More rarely it is found in igneous rocks. 
It occurs in small irregular grains or frequently in fair-sized 
definitely shaped crystals. It is usually red or brown in color. 
For the different varieties of garnets and their distinguishing 
features, see p. 245. 

2. Epidote. Epidote is formed by the alteration of silicates 
containing lime, iron and aluminium. It is also characteristic 
of metamorphosed limestones. It may be associated with 
chlorite, calcite, etc. It is usually found in bladed crystalline 
masses and has a characteristic yellow-green color, is hard and 
has one good cleavage. | 

3. Staurolite. Staurolite is found in metamorphic rocks, such 
as the mica-schists and slates. Sometimes it is a constituent of 
gneiss. It is associated with mica, quartz, garnet, cyanite, ete 
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It is characterized by a brown color, hardness (7) and prismatic 
orthorhombic crystals which may show cross-shaped twins. _ 

4. Cyanite. Cyanite, Al,SiO,, is a rather rare accessory min- 
eral which is found in gneisses and mica-schists. It is associated 
with muscovite, quartz, garnet, staurolite, etc. It is to be dis- 
tinguished by its bladed structure, one good cleavage, blue color 
and by the fact that it is distinctly harder in the direction parallel 
to the length of the crystals than in the direction at right angles 
to this. 

5. Zircon. Zircon, ZrSiO,, is a rather rare mineral which 
usually occurs in minute crystals scattered throughout a rock 
mass. It is found in granites, syenites, crystalline limestones, 
chloritic schists, etc. It is to be distinguished by its usually 
brown color, hardness (7.5) and tetragonal crystallization. 

6. Titanite. Titanite or sphene, CaTiSiO;, is a compara- 
tively rare mineral found as an accessory constituent in granite, 
syenites, gneiss, mica- and chlorite-schists and crystalline lime- 
stones. It occurs as microscopical crystals in many igneous 
rocks. 

7. Magnetite. Magnetite, Fe;O,, is widespread in its occur- 
rence as a rock constituent. It is found in all kinds of igneous 
rocks, usually in small disseminated grains. It is also charac- 
teristic of the crystalline schists and gneisses. Ordinarily it 
occurs in comparatively small amounts and would be classed as 
an accessory mineral but at times it becomes a prime constituent 
of the rock and may be segregated into almost pure bodies of 
the mineral. It is characterized by its metallic luster, black 
color and streak and its strong magnetic properties. 

8. Ilmenite. Ilmenite or titanic iron, FeTiO;, is a common 
accessory mineral occurring in the same way as magnetite and 
frequently found associated with it. It is most commonly found 
in the gabbros and related rocks. It is difficult to tell it from 
magnetite by simple inspection. 

9. Hematite. Hematite, Fe.Os, is found as an accessory min- 
eral in the feldspathic igneous rocks such as granite. It occurs 
also in the erystalline schists. It is common in the sedimentary 
and metamorphic rocks and at times forms large bodies of almost 
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pure mineral. It is the red pigment in many rocks and soils 
and forms the cementing material in many sandstones. It is 
to be recognized by its red streak. 

10. Pyrite. Pyrite, FeS:, is found in small disseminated crys- 
tals in all classes of rocks. It is characterized by its pale brass 
color, metallic luster, hardness (6), black streak and frequently 
also by its isometric crystal forms. 

1l. Apatite. Apatite, Ca,(CaF)(PO,);, is found in crystals of 
considerable size in metamorphosed limestones. It is also com- 
mon in microscopic crystals in all varieties of igneous rocks, and 
in many metamorphic ones. 

In addition to the minerals listed above, the following, more 
rare in their occurrence, are at times found as accessory rock 
constituents; rutile, iolite, scapolite, andalusite and sillimanite. 


Pegmatite Dikes and Veins. 


In connection with the deep-seated, coarse-grained igneous 
rocks, especially the granites, we frequently find mineral de- 
posits which are known as pegmatite dikes or veins. These 
bodies have the general shape and character of an igneous dike 
or a broad mineral vein although in certain respects they differ 
markedly from either of these. They are to be found running 
through the main mass of the igneous rock or filling fissures in 
the other surrounding rocks. They are composed chiefly of 
the same minerals as occur in the igneous rock, but usually in 
very coarse crystallizations. A granite pegmatite is therefore 
made up principally of quartz, feldspar and mica. The quartz 
and feldspar crystals may be several feet in length and the mica 
plates are at times more than a foot across. In addition to the 
coarseness of the crystallization of the minerals, these veins 
possess other peculiar features. The minerals of a pegmatite 
vein, for instance, have not apparently been deposited in the 
definite order that prevailed in the igneous rock mass, but their 
crystals have grown more nearly simultaneously. These veins 
will also at times show a ribboned or banded structure where 
the different minerals occur in distinct layers which lie parallel 
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to the walls of the deposit. Their minerals are also commonly 
quite irregularly distributed through the mass, so that at times 
the vein is composed chiefly of feldspar and again becomes nearly 
pure quartz. Frequently, along the central portion of the dike, 
cavities and openings will be observed into which crystals of 
the different minerals project. These characteristics point to 
a somewhat different origin for the pegmatite veins from that 
of the igneous rock with which they are associated. 

No extended and detailed discussion of the theory of the origin 
of pegmatite veins can be given here, but it may be briefly sum- 
marized as follows. Pegmatite veins are formed during the 
last stages of the cooling and solidification of a plutonic igneous 
rock. As an igneous magma cools and slowly solidifies, it shrinks 
somewhat in volume and various cracks and fissures open up — 
throughout the mass. The pressure due to the weight of the 
rock forces any still fluid material from the interior of the mass 
up through these cracks and also into any fissures that may exist 
in the surrounding rocks. The filling up of these fissures both 
in the igneous rock itself and in the neighboring rocks consti- 
tutes a pegmatite vein. As a magma cools and its minerals 
crystallize, large amounts of water vapor are frequently set free 
so that the residue of the still fused rock material must contain 
much higher percentages of water than the original magma. 
Consequently it becomes in its character and behavior more 
like a solution than a fused mass. This would account for the 
peculiar features observed in pegmatite veins which differentiate 
them from ordinary igneous deposits. 

The minerals found in pegmatite veins may be divided into 
three general divisions. First come those minerals which form 
the main mass of the deposit and which, as stated above, are the 
same as the prominent minerals of the igneous rock with which 
the pegmatite dike is associated. These are commonly quartz, 
a feldspar which is usually either orthoclase or microcline, but 
may be albite, and a mica which may be either muscovite or 
biotite. Garnet is also at times in a smaller way a characteristic 
constituent. Second comes a series of rare minerals which are, 
however, quite commonly observed in pegmatite deposits, and 
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which are characterized by the presence in them of fluorine, 
boron or hydroxyl. Their presence in the veins indicates also 
that gases under high pressures have been instrumental in their 
formation. The minerals of this type include beryl, tourmaline, 
apatite and fluorite. A third class of minerals found in pegmatite 
veins includes species containing rare elements such as lithium, 
molybdenum, tin, niobium and tantalum, the rare earths, etc. 
These are minerals which are rarer still in their occurrence, but 
when they do occur are usually to be found in pegmatite deposits. 
The most important members of this group are molybdenite, 
lepidolite, spodumene, triphylite, columbite, cassiterite and monazite. 

Because of the frequent occurrence in pegmatite veins of the 
rare minerals mentioned above, some of which are often found 
finely colored and well crystallized, these deposits are of particu- 
lar interest to students of mineralogy. Pegmatite veins are also 
of commercial importance, for it is from them that most of the 
feldspar and mica used in the arts are obtained. Many{beautiful 
gem stones, such as beryl and tourmaline, are also found in them. 
Pegmatite veins are widely distributed in their occurrence, being 
almost universally found wherever plutonic igneous rocks are 
exposed. Important districts for pegmatite veins in the United 
States include the New England states, the Black Hills in South 
Dakota and Southern California. 


Contact Metamorphic Minerals. 


When an igneous rock magma is intruded into the earth’s crust, 
it causes through the attendant heat and pressure a greater or 
less alteration in the surrounding rock. This alteration, or 
metamorphism, of the rocks lying next to an igneous intrusion 
usually consists partly in the development of new and charac- 
teristic mineral species. The minerals that are formed under 
these conditions are known as contact metamorphic minerals, 
since they are produced by a metamorphic change and are to 
be found at or near the contact line between the rock in which 
they lie and an igneous rock. Any rock into which an igneous 
mass is intruded will be affected in a greater or less degree, the 
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amount and character of the change depending chiefly upon the 
size of the intruded mass and upon the chemical and physical 
character of the surrounding rock. The most striking and im- 
portant contact metamorphic changes take place when the 
igneous rock is intruded into impure limestones. When a pure 
limestone is affected, it is recrystallized and converted into a 
marble, but without any development of new species. But, on 
the other hand, in the case of an impure limestone the heat and 
pressure caused by the igneous intrusion will serve to develop 
new and characteristic minerals in the rock. An impure lime- 
stone will ordinarily contain, besides the calcium carbonate of the 
rock, varying amounts of quartz, clay, iron oxide, etc. Under 
the influence of the heat and pressure these materials will com- 
bine with the calcium carbonate to form new minerals. For 
instance, the calcite and quartz may react together to form 
wollastonite, CaSiO;. If the limestone contains dolomite, the 
reaction of this mineral with quartz may produce pyroxene, 
(Ca,Mg)SiO;. If clay is present, aluminium will enter into the 
reaction and such minerals as spinel, MgAl1,O,, and grossularite, 
CajAl.Si;02, may result. If any carbonaceous materials are 
present, the effect of the metamorphism may convert them into 
graphite. The common contact metamorphic minerals found 
in limestone are as follows: graphite, spinel, corundum, wollas- 
tonite, tremolite, pyroxene and the lime garnets, grossularite and 
andradite. 

As mentioned in a preceding paragraph, an igneous rock in 
cooling often gives off large amounts of mineralizing vapors. 
These consist largely of water vapor, but often include boron 
and fluorine gases. Under the influence of these vapors, other 
minerals are often formed in the contact zone of a limestone. 
These particular minerals are commonly spoken of as pneumato- 
lytic minerals, since they are formed, partly at least, through the 
agency of mineral gases. They consist chiefly of calcium and 
aluminium silicates which contain hydroxyl, fluorine or boron. 
The most common of the pneumatolytic contact minerals are 
chondrodite, vesuvianite, scapolite, phlogopite, tourmaline and 
flucriie. 
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Veins and Vein Minerals. 


Most of the important mineral deposits, especially those that 
furnish the valuable metals, are found in what are known as 
veins. A brief discussion of veins and vein minerals follows. 

The rocks of the earth’s crust have many openings existing 
within them. These openings vary in size from microscopic 
cracks to cavities of considerable extent. The openings may be 
irregular and discontinuous or they may be in the form of fissures 
which are continuous for greater or less distances. Below a 
certain inconsiderable depth, these openings are largely filled by 
water. This underground water, as it is termed, slowly circu- 
lates through the rocks by means of the openings in them. 
Through a large part of its circulation, the water must exist at a 
high temperature and pressure, and under these circumstances 
becomes a strong solvent and active chemical agent. Under- 
ground water in general descends slowly through the smaller 
openings in the rocks, and then gradually finding its way into 
the bigger openings will at last enter some larger fissure and 
changing its course will begin to ascend. On its passage through 
the rocks, it will have dissolved their more soluble constituents, 
and when it ultimately enters the larger fissures and commences 
to rise will be carrying considerable amounts of dissolved mineral 
material. The igneous rocks in particular are important factors 
in furnishing underground waters with mineral constituents 
partly because of the effect of their heat upon its activity, and 
partly because they give off in the form of vapors a large amount 
of mineral material which ultimately gets into the underground 
circulation. When these mineral laden waters commence to rise 
in the larger fissures, they slowly come into regions of lower pres- 
sure and temperature. Under these changing conditions, the 
water will not be able to retain all its mineral constituents in 
solution, and their points of saturation being reached various 
minerals will begin to crystallize out and be deposited on the walls 
of the fissure. In time, if the process continues, the fissure may 
be completely filled from wall to wall with minerals deposited 
in this way. Such a filled fissure is known as a mineral vein. 
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Evidence that the minerals of a vein have been deposited from 
solution is given by the following facts. Often a mineral vein 
shows a distinctly banded or ribboned structure. That is, the 
different’ minerals occur in more or less regular layers which lie 
parallel to the walls. This shows that the various minerals have 
not been deposited simultaneously, but in a definite order of 
succession. Again, frequently it will be observed that the vein 
material has not completely filled the fissure, but that there are 
openings left along its central line. These openings are termed 
vugs and are often lined with crystallized minerals. These con- 
ditions cannot be easily explained except on the assumption that 
the contents of a mineral vein have been deposited from solution. 

The shape and general physical character of a vein depends 
upon the type of fissure its minerals have been deposited in, and 
the type of fissure in turn depends upon the character of the rock 
in which it lies and the kind of force which originally caused its 
formation. In a firm homogeneous rock, like a granite, a fissure 
will be fairly regular and clean cut in character. It is liable to 
be comparatively narrow in respect to its horizontal and vertical 
extent and reasonably straight in its course. On the other hand, 
if a rock that is easily fractured and splintered, like a slate or 
a schist, is subjected to a breaking strain, we are more liable to 
have formed a zone of narrow and interlacing fissures, rather 
than one straight crack. In an easily soluble rock like a lime- 
stone, a fissure will often be extremely irregular in its shape and 
size due more or less to a solution of its walls by the waters that 
have flowed through it. 

A typical vein consists of a mineral deposit which has filled a 
fissure solidly from wall to wall, and shows sharply defined 
boundaries. There are, however, many variations from this 
type. Frequently, as observed above, irregular openings termed 
vugs may occur among the vein minerals. It is from these vugs 
that we obtain many of our crystallized mineral specimens. 
Again, the walis of a vein may not be sharply defined. The min- 
eralizing waters that filled the fissure may have acted upon the 
wall rocks and partially dissolving them may have replaced them 
with the vein minerals. Consequently we may have almost a 
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complete gradation from the unaltered rock to the pure vein 
filling, and with no sharp line of division between. Some de- 
posits have been largely formed by the deposition of vein min- 
erals in the wall rocks. Such deposits are known as replacement 
deposits. They are more liable to be found in the soluble rocks 
like limestones. There is every gradation possible from a true 
vein with sharply defined walls to a replacement deposit with 
indefinite boundaries. rs 

The mineral contents of a vein depend chiefly upon the chemi- 
cal composition of the waters from which its minerals have 
crystallized. There are many different sorts of veins, and many 
different mineral associations are observed in them. There are, 
however, certain minerals and associations that are more frequent 
in their occurrence to which attention should be_drawn. The 
sulphides form perhaps the most characteristic chemical group 
of minerals to be found in veins. The following minerals are 
very common vein minerals, pyrite, FeS:, chalcopyrite, CuFeS:, 
galena, PbS, sphalerite, ZnS, chalcocite, Cu.8, bornite, CusFeS,, 
marcasite, FeS., arsenopyrite, FeAsS, stibnite, Sb.S;, tetrahedrite, 
Cu,Sb.8,, etc. In addition to these, which in large part com- 
prise our ore minerals, certain nonmetallic minerals are also 
commonly to be observed. These beirig of no particular com- 
mercial value are called gangue minerals (gangue is from gang, 
avein). They include the following: quartz, SiOz, calcite, CaCOs, 
dolomite, CaMg(COs)2, siderite, FeCOs, barite, BaSO., fluorite, 
CaF., rhodochrosite, MnCOs, etc. 

While comparatively few positive statements concerning the 
associations of vein minerals can be made, the following points 
are of interest. 

1. Gold-bearing Quartz Veins. Native gold is most com- 
monly found in quartz veins. It may occur alone in the quartz 
either in nests or in finely disseminated particles, or it may 
occur in connection with certain sulphides in the veins. The 
most common sulphides found in such connections are pyrite, 
chalcopyrite and arsenopyrite. 

2. Gold- and Silver-bearing Copper Veins. The gold and 
silver content of these veins is associated with the various copper 
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sulphides. Frequently the amount of the precious metals is 
quite small. The chief minerals are chalcopyrite, tetrahedrite, 
bornite, chalcocite, pyrite and various rarer silver minerals. 

3. Silver-bearing Lead Veins. Silver and lead minerals are 
very commonly associated with each other. These veins contain 
such minerals as galena, argentite, tetrahedrite, sphalerite, pyrite, 
calcite, dolomite, rhodochrosite, etc. 

4. Lead-zinc Veins. Lead and zine minerals often occur to- 
gether particularly in deposits that lie in limestones. The chief 
minerals of such deposits are galena, sphalerite, marcasite, 
chalcopyrite, smithsonite, calamine, cerussite, calcite, dolomite. 

5. Copper-iron Veins. Copper and iron sulphides are quite 
commonly associated with each other, the prominent minerals 
of such veins being pyrite, chalcopyrite, chalcocite, bornite, 
tetrahedrite, enargite, ete. 


Primary and Secondary Vein Minerals. Secondary 
Enrichment. 


In many mineral veins, it is obvious that certain minerals 
belong to the original vein deposit while certain others have been 
formed subsequently. These two classes of minerals are known 
respectively as Primary and Secondary Minerals. The primary 
vein niinerals are those which were originally deposited by the 
ascending waters in the vein fissure. The primary metallic vein 
minerals are comparatively few in number, the more important 
being pyrite, chalcopyrite, galena and sphalerite. The second- 
ary vein minerals have been formed from the primary minerals 
by some subsequent chemical reaction. This change is ordi- 
narily brought about through the influence of oxidizing waters 
which coming from the surface of the earth descend through the 
upper portions of the vein. Under these conditions, various new 
minerals are formed, many of them being oxidized compounds. 
As the descending waters lose their oxygen content within a 
comparatively short distance of the earth’s surface, the secondary 
minerals are only to be found in the upper part of a vein. To- 
gether with the formation of these secondary minerals, there is 
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frequently a downward migration of the valuable metals in the 
vein. This is brought about by the solution of the minerals in 
the uppermost portion of the vein and a subsequent reprecipi- 
tation a little farther down. As the surface of the earth is 
gradually lowered by erosion, the upper part of a vein is con- 
tinually being worn away. But the metallic content of the 
uppermost part of the vein is always being carried downward 
by the descending oxidizing waters. In this way, the metallic 
content of the upper part of many veins has been notably en- 
riched since there is concentrated in this short space most of the 
original contents of hundreds, perhaps thousands, of feet of the 
vein which have been slowly worn away by the general erosion 
of the country. Consequently the zone of the secondary vein 
minerals is also frequently a zone of secondary enrichment. 
This is an important fact to be borne in mind since, because of 
it, the upper two or three hundred feet of a vein are ordinarily 
the richest portion of a deposit. The ore below that depth grad- 
ually reverts to its original unaltered and unenriched character 
and may frequently prove too low in value to warrant its being 
mined. The prevalent idea that the ore of a vein must increase 
_ in value with increasing depth is not true in the great majority 
of cases. 

It will be of interest to consider the more important primary 
vein minerals and the secondary minerals that are commonly 
formed from them. 

1. Iron Minerals. The common primary vein iron mineral is 
pyrite, FeS:. Marcasite, FeS., while not so common in occur- 
rence is also a primary mineral. When oxidized, these minerals 
yield ordinarily the hydrated oxide limonite, Fe,O;[OH]:. The 
upper portion of a vein that was originally rich in pyrite will 
often show a cellular and rusty mass of limonite. This limonite 
deposit near the surface is commonly termed gossan. The yel- 
low rusty character of the outcrop of many veins enables one 
frequently to locate them and to trace them across the country. 

2. Copper Minerals. The one common primary copper min- 
eral is chalcopyrite, CuFeS,. At times, some of the other sul- 
phides may be primary in their origin, but this is not generally 
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the case. The secondary formation of bornite and chalcocite 
may be explained as follows. The copper sulphide existing in 
the original chalcopyrite is oxidized by the descending waters at 
the surface to copper sulphate which is then dissolved and carried 
farther down the vein. Here it comes in contact with unaltered 
chalcopyrite and a reaction takes place which enriches the sul- 
phide, changing it to bornite, Cu;FeS, Later, more copper 
sulphate in solution comes in contact with the bornite and a 
further enrichment takes place with the formation of chalcocite, 
Cu.S. In each case, there is an interchange of metals, the iron 
in the original sulphide going into solution as a sulphate thus 
taking the place of the copper which has been precipitated. If 
the copper deposit lies in limestone rocks, we commonly find the 
various carbonates and oxides of copper also formed in the upper 
parts of the deposit. The secondary copper minerals therefore 
include chalcocite, Cu.8, bornite, Cu;FeS., native copper, Cu, cu- 
prite, CusO, malachite, (Cu.OH):COs, azurite, Cu(Cu.0H)2(COs)2, 
chrysocolla, CuSiO;:.2H,0, chalcanthite, CuSO..5H20. 

3. Lead Minerals. The one primary lead mineral is galena, 
PbS. The secondary minerals of lead are all oxidized compounds 
and include the following: cerussite, PbCOs, anglesite, PbSO,, 
pyromorphite, Pbs(PbCl)(POx.)3, wulfenite, PbMoO.. 

4. Zine Minerals. Sphalerite, ZnS, is the only common prim- 
ary zinc mineral. The chief secondary minerals are smithsonite, 
ZnCOs, and calamine, H2(Zn.O0)SiO,. 

5. Silver Minerals. Probably most of the sulphide minerals 
of silver are primary in their origin. The following minerals are 
usually secondary, although native silver at times appears pri- 
mary; native silver, Ag, cerargyrite, AgCl, embolite, Ag(Cl,Br), ete. 


Lists of Minerals Arranged According to Systems 
of Crystallization. 


In the following tables the minerals which are described in this 
book are listed according to the system of crystallization to which 
they belong. ‘The order in which they are given is according to 
the chemical classification adopted in this book. 
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ISOMETRIC SYSTEM: NORMAL CLASS. 
Elements. 


. Diamond, C. 4. Copper, Cu. 


. Gold, Au. 5. Platinum, Pt. 
. Silver, Ag. 6. Iron, Fe. 
Sulphides. 


. Galena, PbS. 
. Argentite, Ag.S. 
. Pentlandite, (Ni,Fe)S. 


4. Bornite, Cu,;FeS,. 
5. Linneite, CosS,. 


Chlorides, etc. 


. Halite, NaCl. 4. Embolite, Ag(Cl,Br). 
. Sylvite, KCl. 5. Fluorite, CaF. 
. Cerargyrite, AgCl. 

Oxides. 


. Senarmontite, Sb.0s. 4. Gahnite, ZnAl.Ox.. 
. Cuprite, Cu.0. | 5. Magnetite, Fe;O,. 
Spinel Group, R’R’’,0, | 6. Franklinite, (Fe,Mn,Zn) 
or R”0.R’”,03. (Fe, Mn).0.. 
. Spinel, MgAl.O,. 7. Chromite, (Fe,Mg)Cr.0.. 


Silicates. 
. Leucite, KAI(Si0;).. 5. Garnet Group, R;R2(Si0,)s. 
. Analcite, NaAl(SiO;)..H.0. Grossularite, Ca;A].(Si0,);. 
. Sodalite, Pyrope, Mg;Al2(SiO4)s. 
Nax(AICl) Al, (Si04)s. Almandite, Fe;Al:(SiO,)s. 
. Lazurite, Spessartite, Mn;A1,(SiOx)s. 
Na,(Al.Na8S;)Al.(Si0,)s. Andradite, CazFe2(Si0,)s. 
Uvarovite, 
Ca;(Cr,Al)2(SiO«)s. 
Uranate. 


1. Uraninite, UO; and UO, with Th, Y, Ce, Pb, He, Ra. 


356 MANUAL OF MINERALOGY 


ISOMETRIC SYSTEM: PYRITOHEDRAL CLASS... | 
Sulphides, etc. 


4. Cobaltite, CoAsS. 
5. Gersdorffite, NiAsS. 
6. Sperrylite, PtAse. 


Sulphate. 
1. Kalinite, Alum, KAI(SO,)2.12H,0. 


1. Pyrite, FeS,. 
Smaltite, CoAs:. 
3. Chloanthite, NiAs». 


Be 


ISOMETRIC SYSTEM: TETRAHEDRAL CLASS. 
Sulphides, etc. 
1. Sphalerite, ZnS. 3. Alabandite, MnS. 
2. Tiemannite, HgSe. | 


Sulphantimonites, Sulpharsenites. 
1. Tetrahedrite, | 2. Tennantite, 
Cu;Sb.8; = 4Cu.8.Sb.8;. Cu;As.8,= 4Cu.S.As.8;. 
Borate. 
1. Boracite, Mg;Cl.Bi.Os0. 


TETRAGONAL SYSTEM: NORMAL CLASS. 
Sulphide. 
1. Stannite, Cu.FeSns,. 


Oxides and Closely Related Silicates and Phosphates. 


1. Octahedrite, TiOs. 4. Zircon, ZrSiQ,. 

2. Cassiterite,SnO,orSnSnO,. | 5. Thorite, ThSiO,. 

3. Rutile, TiO, or TiTiO,. 6. Xenotime, YPO,. 
Carbonate. 


1. Phosgenite, (PbCl),CO3. 


Silicates. 
1. Vesuvianite, Complex | 2. Apophyllite, 
Ca,Mg,Na,Al,Fe silicate. | H,KCa,(SiO,)s.4H,0. 


_ 
+ 


i 
2. 
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TETRAGONAL SYSTEM: TRI-PYRAMIDAL CLASS. 


Silicate. 


1. Wernerite or Scapolite, Ca,Al,SiO,,; with Na,Al,Si,O.Cl. 


Tungstate and Molybdate. 


. Scheelite, CaWO,. | 2. Wulfenite, PhMoQ,. 


TETRAGONAL SYSTEM: SPHENOIDAL CLASS. 
Sulphide. 
1. Chalcopyrite, CuFes:. 


HEXAGONAL SYSTEM: NORMAL CLASS. 


Sulphides. 
Molybdenite, Mos,. 3. Pyrrhotite, Fe,,S,:. 
Covellite, CuS. 
Silicates. 


. Beryl, Be;Al.(SiO:)s with | 2. Nephelite, NaAISiO,. 


some [OH]?. (Approx.) 


HEXAGONAL SYSTEM: HEMIMORPHIC CLASS. 
Sulphides, etc. 
Greenockite, CdS. | 2. Niccolite, NiAs. 
Oxide. 
1. Zincite, ZnO with MnO. 


HEXAGONAL SYSTEM: TRI-PYRAMIDAL CLASS. 
Phosphates, etc. 
Apatite Group. 


Apatite, Ca,(CaF) (PO,):. 3. Mimetite, 
Pyromorphite, Pb,(PbCl) (AsO,)s. 


Pb,(PbCl) (PO.)s. 4. Vanadinite, 
Pb.(PbCl) (VO,)s. 
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HEXAGONAL SYSTEM: RHOMBOHEDRAL CLASS. 
NORMAL DIVISION. z 


Elements. 
1. Graphite, C. 4, Bismuth, Bi. 
2. Arsenic, As. 5. Tellurium, Te. 
3. Antimony, Sb. 


Sulphides, Sulphantimonites, Sulpharsenites. 


1. Millerite, NiS. 3. Proustite, 

2. Pyrargyrite, Ag;AsSs; or 3Ag,S.As28s. 
AgsSbS3 or 3Ag25.SbS8s. 

Oxides, Hydroxides. 
1. Corundum, Al,O3. | 3. Brucite, Mg(OH)s. 
2. Hematite, Fe.0;. 
Carbonates. 
Calcite Group. 

1. Calcite, CaCO. 4. Siderite, FeCOQ;. 

2. Dolomite, CaMg(COs)s 5. Rhodochrosite, MnCO;. 
(tri-rhombohedral). 6. Smithsonite, ZnCO:. 

3. Magnesite, MgCOs. 

Silicates. 

1. Tourmaline, 2. Chabazite, 
R,Al;(B.OH).Si,O,, (Ca, Naz) Al,Si,0i2.6H,0?. 
(hemimorphic). 

Nitrate. 


1. Soda-niter, NaNOs. 


HEXAGONAL SYSTEM: RHOMBOHEDRAL CLASS. 
TRI-RHOMBOHEDRAL DIVISION. 


Titanate. 
1. Imenite, FeTi03. 


Silicates. 
1. Willemite, Zn.SiO,. | 2. Phenacite, Be.SiO,. 


bo 


_ Stibnite, Sb.S;. 
. Bismuthinite, Bi,S;. 
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HEXAGONAL SYSTEM: RHOMBOHEDRAL CLASS. 
TRAPEZOHEDRAL DIVISION. 


Sulphide. 

1. Cinnabar, HgS. 
Oxide. 

1. Quartz, SiO;. 


ORTHORHOMBIC SYSTEM. 
Element. 
1. Sulphur, S. 


Sulphides, etc. 

4. Stromeyerite, CuAgS. 
5. Marcasite, FeS. 

6. Arsenopyrite, FeAsS. 


Chalcocite, CuS. 
Sulphantimonites, etc. 


. Bournonite, (Pb,Cuz)Sb.S8, | 2. Stephanite, Ag,SbS, or 


or 3(Pb,Cuz)S.Sb.8;. 5Ag.S.Sb.83. 


Sulpharsenate. 
1. Enargite, Cu;As8, or 3Cu,S.As,§,. 


Chlorides. 


. Atacamite, CusCl(OH)s. | 2. Carnallite, KMgCl;.6H,0. 


Oxides, Hydroxides. 
Chrysoberyl, BeAl,O,. 5. Manganite, Mn,0.(OH)». 


. Brookite, TiO». 6. Pyrolusite, MnO, with 


Diaspore, Al,O.(OH)2. about 2% HO. (Pseudo- 


. Goethite, Fe,0.(OH):. morphous.) 


Carbonates. 
: Aragonite Group. 
Aragonite, CaCQ3. 3. Witherite, BaCO;. 


. Strontianite, SrCO3. 4, Cerussite, PbCO;. 
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Silicates. 

1. Enstatite, Bronzite, 9. Prehnite, H,Ca,Al.(Si0,)s. ° 
Hypersthene, 10. Calamine, 
MgSi0;,(Mg,Fe)Si0s. H.(Znm20)SiO, (hemimor- 

2. Anthophyllite,(Mg,Fe)Si0Os. phic). 

3. Iolite, 11. Staurolite, 


(Mg,Fe),Als(Al.OH)2(Siz07) s. (Mg,Fe)(Al.OH) (AIO) .(Si0,)2. 


4. Chrysolite, (Mg,Fe).SiO,. | 12. Sillimanite, Al,SiO,. 

5. Danburite, CaB.(Si0.)2. 13. Natrolite, 

6. Topaz, (Al(F.OH))SiO«. NaeAlSis0i0.2H20. 

7. Andalusite, (AIO) AISi0,. 14. Thomsonite 

8. Zoisite, (Naz,Ca) Al, (Si0,)2.24H20. 
Ca(Al.0OH)AI,(Si0.)s 


Niobate, Tantalate. 
1. Columbite-tantalite, (Fe,Mn)(Nb,Ta).Os. 


Phosphates, etc. 


1. Triphylite-lithiophilite, 3. Scorodite, FeAsO,.2H,0. 
Li(Fe,Mn)PO.. 4. Wavellite, 
2. Olivenite, Cu(Cu.OH)AsO,. (Al.OH),;(PO,)2.5H,0. 
Nitrate. 
1. Niter, KNO3. 
Sulphates. 
1. Barite, BaSQO,. 4. Anhydrite, CaSO,. 
2. Celestite, SrSO,.. 5. Brochantite, Cu,(OH).SO,. 


3. Anglesite, PbSO,. 


MONOCLINIC SYSTEM. 
Sulphides, Tellurides. 


. Realgar, AsS. 3. Sylvanite, AuAgTe,. 
2. Orpiment, As,S:. 4. Calaverite, AuTe:. 


_ 
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Sulphantimonite. 
1. Polybasite, AgsSbSs. 


Fluoride. 
1. Cryolite, Na;AlF.. 


Hydroxide. 
1. Gibbsite, Al(OH);. 


Carbonates. 
1. Malachite, (Cu.OH),CO;. 4. Gay-Lussite, 
2. Azurite, Cu(Cu.0OH).(CO;)2. Na,CO;.CaCO;.5H,0. 


3. Aurichalcite, 
2(Zn,Cu)CO;.3(Zn,Cu) (OH). 


Silicates. 
1. Orthoclase, KAISi;Os. 8. Amphibole Group, 
2. Pyroxene Group, R’SiO; R’Si0,(R=Ca,Mg,Fe). 
(R=Ca,Mg,Fe). 9. Datolite, Ca(B.OH)SiO,. 
3. Agirite, NaFe(Si0;)2. 10. Epidote, 
4. Jadeite, NaAl(SiO;)>. Ca,(Al.OH) AL (SiO,)3. 
5. Spodumene, LiAI(SiO;)>. 11. Allanite, 
6. Wollastonite, CaSiO;. Ca,(Al.OH) (Al, Fe,Ce,La, Di): 
7. Pectolite, HNaCa2(SiO;);. (SiO,)s. 


Hydrated Silicates. 


1. Heulandite, 4. Laumontite, 
H,CaAl,(SiO;).8H20. H,CaALSiQu4.2H20. 
2. Harmotome, 5. Scolecite, 
(K2,Ba)AlS8i;0:4.5H20. CaAl,$i,01).3H,0. 
3. Stilbite, 


(Naz,Ca)Al,Sie016.6H20. 
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Foliated, Micaceous Silicates. 


il, Muscovite ’ H.KAI, (SiOx) 3. 


2. Lepidolite, 
KLi(Al.2(0OH, F))AN(Si0s)s. 
3. Biotite, 


(Hi: K).(Mg,Fe)2Al(Si0,)s.. 


4. Phlogopite, 
H.KMg;Al(SiO,)3?. 

5. Lepidomelane, 
(H,K).Fes(Fe,Al)«(SiOx)s?. 


6. Margarite, H,CaAlL,Si.Or2. 

7. Clinochlore, Chlorite, 
H;Mg,;ALSi;Ois. 

8. Serpentine, H,Mg,Si,0,. 

9. Kaolin, H,ALSi.0s. 


| 10. Talc, H.Mg.(SiO;).. 
11. Pyrophyllite, H,Al,(Si0s)«. 


Titanosilicate. 
1. Titanite, CaTiSiO,. 


Phosphates. 


1. Monazite, (Ce,La,Di)PO, 
with ThSiO,. 

2. Lazulite, 
Mg(Al.OH)2(PO,)2. 


3. Vivianite, 


Fe;(POx,)2.8H,0. 


Borates. 


1. Colemanite, 
Ca.B.O, 1 .5H,O: 


| 2. Borax, Na.B,O;.10H.0. 


Sulphates, Chromates. 


1. Glauberite, NasCa[SO,]e. 
2. Crocoite, PbCrQ,. 


3. Gypsum, CaSO,.2H,0. 


Tungstates. 


1. Wolframits, MeWO,, 


| 2, Hubnerite, MnWO,. 
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TRICLINIC SYSTEM. 


Silicates. 
. Microcline, KAISi,O.. 5. Labradorite, 1 Albite,3 An- 
Plagioclase Feldspars. orthite. 
' Albite, NaAlSi,Os. 6. Anorthite, CaAl,Si.Os. 
. Oligoclase, 3 Albite, 1 An- _ 7. Rhodonite, MnSiO;. 
orthite. | 8. Cyanite, Al,SiO,. 
. Andesite, 1 Albite, 1 An- 9. Axinite, Ca;Al,B2(SiO,)s. 
orthite. 
Phosphate. 


1. Amblygonite, Li(AlF)PO,. 


‘Sulphate. 
1. Chaleanthite, CuSO,.5H,O. 


AMORPHOUS OR MASSIVE MINERALS. 
Oxides, Hydroxides. 
. Opal, SiO,, generally with 3 | 4. Bauxite, Al,O(OH),. 


to 9% H,0. 5. Psilomelane, MnO, with 
. Turgite, Fe,O;(OH)>. MnO, BaO, CoO, H,0, 
. Limonite, Fe,O;(OH).«. ete. 
Silicates. 
. Genthite, Garnierite, 2. Chrysocolla, CuSiO;.2H,0. 


Ni,Mg, silicates. 


Phosphate. 
1. Turquois, H(Al.20H).PO, with H(Cu.OH):PQ,. 


V. DETERMINATIVE MINERALOGY. 
INTRODUCTION. 


Determinative Tables for minerals are of two kinds: (1) those 
which rely chiefly upon chemical tests, and (2) those which make 
use solely of physical tests. Obviously, since the chemical com- 
position of a mineral is its most fundamental property,' those 
tables which emphasize chemical tests are much the more satis- 
factory. On the other hand, the tables which depend wholly 
upon physical tests have distinct limitations beyond which it is 
impossible to use them. These latter tables have, however, the 
important advantages that their tests are simpler, more readily 
and quickly performed, and do not require the equipment of a 
laboratory. For these reasons physical determinative tables 
probably have a wider use, in spite of their limitations, than those 
that involve chemical tests. 

The character and purpose of this book forbid the inclusion of 
elaborate chemical tables and require instead the introduction 
of physical tables of as simple a form as possible. Such tables 
must, however, be used with a thorough understanding of their 
nature and their inherent disadvantages. Many of the physical 
properties of minerals are not entirely fixed in their character. 
Color, for instance, is frequently an extremely variable property. 
Hardness, while more definite, may vary to a slight extent, and 
by a change in the structure of a mineral may appear to vary 
much more widely. Cleavage is a property which may often 
be obscured by the physical condition of the mineral. Conse- 
quently in making a determination of a mineral by means of its 
physical properties alone, it is necessary to have a fairly typical 
specimen and one which is of sufficient size to enable its .charac- 
ters to be definitely seen. Often, moreover, it will be impossible 
by the aid of such tables to positively differentiate between two 
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or three similar species. Frequently, however, in such cases the 
descriptions of these possible minerals given in Section IV will 
enable one to make a definite decision. Moreover, the tables 
that follow, used in connection with the chemical tests given 
under the description of minerals in Section IV, together with 
the more detailed explanations of the various tests to be found in 
Section III, may serve as a substitute for more elaborate chemical 
tables. 

The Determinative Tables given beyond have been made as 
brief and simple as possible. Only the common species or those 
which, while rarer in occurrence, are of economic importance 
have been included. The chances of having a mineral to deter- 
mine that is not included in these tables are small, but it must 
be borne in mind that there is such a possibility. The names 
of the minerals have been printed in three different styles of 
type, as (see page 373) CHALCOCITE, ARGENTITE and Stephanite, in 
order to indicate their relative importance and frequency of 
occurrence. Whenever it was felt that difficulty might be ex- 
perienced in correctly placing a mineral, it has been included in 
the two or more possible divisions. Usually, however, for the 
sake of brevity, the detailed description of such a mineral has 
been printed in full only upon one page. 

On page 369 will be found a General Classification of the 
tables. The proper division in which to look for a mineral is to 
be determined by means of the tests indicated there. The tables 
are divided into two main sections depending upon the luster of 
the minerals in them. The first division includes those minerals 
which have a Metallic or Submetallic Luster. By that is meant 
those minerals which on their thinnest edges remain opaque 
and which consequently will give black or dark-colored “‘streaks”’ 
when they are rubbed across a piece of unglazed porcelain, the 
so-called streak plate. Nonmetallic minerals are those which 
are transparent upon their thinnest edges, and which therefore 
give either a colorless or a light-colored streak. It is to be 
noted that the color of the streak cannot always be foretold 
from the color of the mineral itself. Frequently a dark-colored 
mineral will be found to give a light-colored streak. 
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The tables are next subdivided according to hardness. The 
tests used in the General Classification are: (1) minerals that are 
soft enough to leave a mark when rubbed across a piece of paper; 
(2) minerals that can be scratched by the finger nail; (3) those 
that can be cut by a cent; (4) minerals that are softer than the 
steel of the blade of an ordinary pocket knife; (5) and (6) min- 
erals that are harder than a knife but can or cannot be scratched 
by quartz. In applying the tests for hardness, certain precau- 
tions should be observed. Before deciding upon the relative 
hardness of a mineral, it is well to try the test if possible in two 
ways. For instance, if a mineral is apparently scratched by the 
edge of a cent make sure on the other hand that the cent cannot 
be scratched by the mineral. Further, the cent and the knife 
blade used in making the tests should be bright and clean, other- 
wise the rubbing off of a layer of dirt or tarnish might be mis- 
taken for a scratch. In the tables themselves, the hardness 
of the minerals is given in terms of the Scale of Hardness, see 
page 61. The possession of specimens of the minerals of this 
scale, so that the hardness of a mineral could be closely deter- 
mined, would frequently be of great assistance in the use of the 
tables. Lastly, it is to be remembered that the physical con- 
dition of a mineral may apparently change its hardness. For 
instance, minerals that occur at times in pulverulent or fibrous 
forms will under these conditions appear to be much softer than 
when in their more usual form. Also the chemical alteration 
of a mineral will commonly change its hardness. 

The minerals with nonmetallic luster are, in general, further 
subdivided according to whether they show a prominent cleavage 
or not. .This will frequently be a difficult decision to make. It 
will require some practice and experience before one can always 
make the determination rapidly and accurately. Note that the 
minerals are divided according to whether they show a prominent 
cleavage or not. Minerals in which the cleavage is imperfect 
or ordinarily obscure are included with those that have no cleav- 
age. It will always be best, if it is possible, to actually try to 
produce a cleavage upon the specimen rather than to judge from 
its appearance alone, If a mineral shows a cleavage, the num- 
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ber of the cleavage planes, their relations to each other and to 
any crystal forms present, etc., are to be noted. As far as pos- 
sible, the minerals in which the cleavage may become obscure, 
because of certain conditions of structure, have been included 
in both divisions. 

The minerals which fall in any one of the different divisions 
of the tables have been arranged according to various methods. 
In some cases, those that possess similar cleavages have been 
grouped together; frequently color determines their order, etc. 
The column farthest to the left will indicate the method of 
arrangement used in each section. Most of the different prop- 
erties listed and the more general facts included under the 
headings, Crystallization and Structure and Remarks, need no 
especial explanation. A few words, however, may be said con- 
cerning the column headed Specific Gravity. For a discussion 
of specific gravity and the methods for its accurate determina- 
tion, see page 62. If the specimen to be determined is of suffi- 
cient size and is pure, its approximate specific gravity can be 
determined by simply weighing it in the hand. In order to do 
this, however, will require some experience. Below is given a 
list of common minerals which show a wide range of specific 
gravity. By experimenting with specimens of these, one can 
become quite expert in the approximate determination of the 
specific gravity of any mineral. 


Halite, 2.14 Limonite, 3.80 Cerussite, 6.51 
Gypsum, 2.32 Corundum, 4.03 Cassiterite, 6.95 
Orthoclase, 2.56 Chaleopyrite, 4.20 Galena, 7.50 
Calcite, 2.72 Barite, 4.48 Cinnabar, 8.10 
Fluorite, 3.18 Pyrite, 5.03 Copper, 8.84 
Topaz, 3.53 Chaleocite, 5.75 Silver, 10.60 


When the subdivisions of the tables are studied, the following 
interesting and important facts are to be noted. The majority 
of the minerals with metallic luster are sulphides. Most of them 
are softer than a knife. The only sulphides that are harder than 
a knife are Pyrite, Marcasite and Arsenopyrite. The greater 
part of minerals with metallic or submetallic luster that are 
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harder than a knife are oxygen compounds of iron. Among the 
minerals with nonmetallic luster, it is to be noted that those 
which are harder than a knife are, with very few exceptions, 
either silicates or oxides. Comparatively few silicates are to be 
found among the minerals of nonmetallic luster which are softer 
than a knife. It is to be further noted that the majority of such 
_ silicates contain water in some form. On the other hand, 
the greater part of the carbonates, sulphates, phosphates, etc., 
are to be found in these sections. 


GENERAL CLASSIFICATION OF THE 
TABLES. 


A. METALLIC OR SUBMETALLIC LUSTER. 


I. Very Soft. Will Readily Leave a Mark on Paper, 
p. 370. 
II. Can be Scratched by a Knife, but Will not Readily 
Leave a Mark on Paper, p. 372. 
Ill. Cannot be Scratched by a Knife, p. 382. 


B. NONMETALLIC LUSTER. 


I. Minerals which Give a Definitely Colored Streak, 
p. 386. 
ll. Minerals which Give a Colorless Streak. 
1. Can be scratched by the finger nail, p. 392. 
2. Cannot be scratched by the finger nail, but can 
be scratched by a cent. 
a. Show a prominent cleavage, p. 396. 
b. Do not show a prominent cleavage. 
1. A small splinter is fusible in the 
candle flame. 
a. Readily soluble in water; yield a 
taste, p. 398. 
b. Insoluble in water, p. 400. 
2. Infusible in the candle flame, p. 400. 
3. Cannot be scratched by a cent, but can be 
scratched by a knife. ; 
a. Show a prominent cleavage, p. 402. 
b. Do not show a prominent cleavage, p. 410. 
4, Cannot be scratched by a knife, but can be 
scratched by quartz. 
a. Show a prominent cleavage, p. 414. 
b. Do not show a prominent cleavage, p. 420. 


5. Cannot be scratched by quartz. 
a. Show a prominent cleavage, p. 426. 
b. Do not show a prominent cleavage, p. 428. 


369 


METALLIC OR 
I. Very soft. Will readily 


Cleavage and Spec. 
Streak. Color. Hardness. Fracture... Gea 
Iron-black. 2-2.5. Marks F. Splintery. 47 
paper easily. 
Black. Steel-gray to |1-1.5. Marks One perfect C. 22 
iron-black. paper easily. 
1-1.5. Marks One perfect C. 47 
paper easily. 
Gray-black. Sev dear °Tlo. Marks paper |One perfect C. 4.5 
: easily. 
2.5. Marks paper|Perlect cubic C. 7.6 
with difficulty. 
Bright red. Red to vermil-/Marks paper with 8.1 
ion, difficulty. | 
Red-brown. Red-brown. orks paper eas-| 5.2 
ily. ; 
Yellow-brown. Yellow- Marks paper eas- 3.6-4 0 
brown. ily. 


See also covellite, p. 377, and argentite, p. 373, 
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SUBMETALLIC LUSTER. 
leave a mark on paper. 


Crystallization and Name and 
Structure. ) Remarks. Composition. 
Usually radiating fibrous or Distinguished from other minerals) PYROLUSITE. 
splintery. jof this group by its structure. MnO. : 
: 
Rhombohedral. Micaceous. May be in hexagonal-shaped leaves.|GRAPHITE. 
|\Told trom molybdenite by the/C. 
|brown tinge to its black color. 
Greasy feel. 
Hexagonal. Micaceous. May be in hexagonal-shaped leaves.| Molybdenite. 
Told from graphite by the blue|/MoS,. 
tinge to its black color and its 
higher specific gravity. Greasy feel. 
Orthorhombic. _Bladed/Characterized by its long and/STIBNITE. 
structure or in slender radi-|bright cleavage faces. Fuses in the|Sb,S;. 
ating crystals. candle flame. 
In cubic crystals or cleavage See p. 375. GALENA. 
masses, PbS. 
Earthy. The earthy form of cinnabar is not| CINNABAR. 
common. HgS. 
} meas ——. 
| . 
Earthy. The earthy form of hematite is HEMATITE. 
often known as red ochre or paint) Fe,O;. 
iw 
Earthy. The earthy form of limonite is|LIMONITE. 
# often known as yellow ochre. Fe,O;(OH),. 


which may leave a slight mark on paper. 
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METALLIC OR 
Il. Can be scratched by a knife, 


Cleavage and | Spec. 
Streak. Color. Hardness. Weeceada near 
Soft black. | Iron-black. 2-2.5. Very soft.|F. Splintery. rE pr 
Wil) mark paper. 
Black, with | Iron-black. 5-6. U. harder |F. Irregular. 4.3 
sometimes a than knife. 
brown tinge. 
Gray-black. /|Steel-gray on fresh|2.5-3. F. Irregular. 5.7 
surface, tarnishing 
to dead black on 
exposure. 
j 
Black, with |Steel-gray, some-|3-4. F. Irregular. \4.7-5.0 
sometimes a |times tarnishes to 
brown tinge. |jdead black on ex- 
posure. 
3. C. Perfect prismatic. 44 
F. Uneven. 
2-2.5. F. Uneven. 7.3 
2-2.5. F. Uneven. 62 
Black. Gray-black. 
2-3. F. Uneven. 6-6.2 
2.5-3. F. Uneven. 6.2-6.3 
2-3. F. Fibrous. 5.5-6 
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but will not readily leave a mark on paper. 


Name and 


Crystallization and | 


Structure. 


Usually radiating fibrous or 
splintery. 


Remarks. 


Composition. 


Usually to be told by its struc- wed a ohedadatt 


ture and soft black streak. 


nO». 


See p. 385. 


Psilomelane. 


MnO, with MnO, etc. 


\Often associated with other cop-/CHALCOCITE 
per ores, such as bornite, chalco-| (Copper Glance). 
pyrite, malachite, ete. Cu8. 


Orthorhombie. 
massive. 


Compact 


Often associated with chaleopy--TETRAHEDRITE 
(Gray Copper). 
4Cu.8.Sb.83. 


Isometric, tetrahedral. J 3 
Massive or in tetrahedral|rite, pyrite, silver ores, etc. 


cry’ 


Orthorhombic. In bladed A rare mineral, found usually|Enargite. 
masses, showing long cleay-|with other copper minerals. 3CuS.ASSs5. 
age faces. More rarely in 
stout prismatic crystals. 


Usually irregu-|Distinguished by being easily Argentite. 


Tsometric. 
Ag.S. 


lar massive or earthy. At sectile, i.e., it can be cut with a 

times in small isometric/knife, like lead. Bright steel- 

erystals, commonly cubes. [gray on fresh surface but tarnish- 
ing to a dull gray-black on expos- 
ure. 


A rare mineral. Bright|Stephanite. 
steel-gray on a fresh sur-|5Ag,5.Sb,8;. 
face but tarnishing to a 
dull gray-black on expos- 
ure. 


Orthorhombic. In small ir- 
regular masses, often earthy. 
At times in stout six-sided 
prismatic crystals. 


Polybasite. 


A rare mineral. 
9(Ag,Cu) 8.Sb,8;. 


Monoclinic. Often in thin 
six-sided crystal plates with 
triangular markings on top. 
Also massive and earthy. 


A rare mineral. To be} Stromeyrite. 
positively told only by|CuAgs. 
chemical tests. 


Irregular massive. 


Characterized usually by|Jamesonite 
its fibrous structure. (Feather ore). 
2PbS.Sb,28;. 


In fibrous, feather-like 
masses. 


Fuse quietly and easily in the candle flame. 
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METALLIC OR 
II. Can be scratched by a knife, but will 


Cleavage and | Spec. 
Streak. Color. Hardness. Fracture. | Grav. 
\2.5-3. |F. Uneven. 5.8 
Black. Gray-black. 
4, F. Uneven. 4.4 
4.5 
Will leave a mark/One perfect cleavage. 
jon paper. ) 
| 6.4 
Blue-black or 
lead-gray. 
2.5. Marks paper! Perfect cubic cleavage. 7.6 
|with difficulty. | 
| 
Gray-black. ; 
Tin-white, tar- 3.5. |One good cleavage but} 5.7 
nishing to dark | seldom seen. 
gray. 
|3-3.5. One good cleavage seen| 6.6 
in the more coarsely 
erystallized type. 
Tin-white. 
2-2.5. Perfect prismatic|6.1-6.3 


cleavage in 3 d 


: irec- 
tions. 


SUBMETALLIC LUSTER. 


not readily leave a mark on paper. (Co 


ntinued.) 


Crystallization and 


Structure. Remarks. 


Name and 
Composition. 


Orthorhombic. In stout six- Commonlycalled ‘‘ cog-wheel ore’ 
sided prismatic crystals. /because of the characteristic group- 
twinned with reén-ing of its crystals. Easily fusible 
les, giving a ‘“‘cog-in the candle flame. Not to be 
effect. Also mas- positively identified when massive 
except by chemical tests. 


trant 
wheel 
sive granular. 


’|Bournonite. 
2PbS.Cu,S8. ‘Sb. 


| 
| 
: 
Tetragonal. Irregular mas- Decrepitates violently in the can- 


sive. dle flame. Sometimes shows a 
bluish tarnish. 


Stannite 
(Tin Pyrites). 
Cu,S.FeS.Sn8,. 


Orthorhombic. Bladed Characterized by its long bright 


structure or in slender radi- cleavage faces. Fuses easily in the 
ating lcandle flame. 
Orthorhombic. In long Fuses in candle flame. A rare 


slender crystals, often radi-|mineral. 
ating. Frequently bladed. ener aaa only by a test for bis- 
— 


Crystallized or If a small fragment is held in a 
candle flame it does not fuse but is 
slowly reduced and small globules 
of metallic lead collect upon the 
surfaces. 


Isometric. 
(cleavable) granular. 


Rhombohedral. Usually|Tarnishes more readily than the 
fine ular, often with bot- other similar minerals. Heated in 


To be positively told|B 


STIBNITE. 
Sb,8;. 


Bismuthinite. 
1283. 


GALENA. 
Pbs. 


Arsenic. 
As. 


ryoidal structure. the candle flame does not fuse but 

gives off a white smoke and yields 

a strong garlic odor. A rare min- 

eral. 
Rhombohedral. Usually Usually bright in luster. Heated! Antimony. 
fine granular. lin candle flame does not fuse read-|Sb. 


ily, gives off a white smoke but no 


odor. A rare mineral. 
Rhombohedral. In cleay- Characterized by bright luster and/Tellurium. 
able masses. prominent cleavage. Heated in/Te. 


candle flame fuses very easily. A 
rare mineral, often associated with 
the gold and silver tellurides. See 
under sylvanite, below. 
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METALLIC OR 


II. Can be scratched by a knife, but will 
Cleavage and | Spec. 
Streak. Color. Hardness. | Fracture. | Grav. 
1.5-2. One perfect C. 8-8.7 
Gray-black. |Tin-white. 
2.5. F. Uneven. 9.3 
Usually pale cop- 5-5.5. F. Uneven. 7.5 
per-red. See p. 382. | 
Brownish bronze |3. F. Uneven. 4.9-5 4 
but when exposed) 
to the air rapidly] 
takes on a purple 
tarnish. 
4, F. Uneven. 4.6 
Brownish bronze. 
3.5-4 C. Octahedral. 4.9 
Black. 
Brass-yellow. 3.5. F. Uneven. 4.2 
Brass-yellow, al- |3-3.5. F. Uneven. 5.6 
most greenish C. Rhombohedral 
when in very but seldom seen. 
slender crystals. 
Indigo-blue, may |1.5-2. Perfect basal C. 4.6 
tarnish to blue- 
black. 
‘ 
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See also wolframite, p. 379, which may give nearly a black streak. 


SUBMETALLIC LUSTER. 


purple. 


not readily leave a mark on paper. (Continued.) 
Crystallization and Name and 
Structure. Remarks. Composition. 

Monoclinic. ren thin lath- Fuses very easily in candle flame. Sylvanite. 

shaped cry as A rare mineral. Often to be posi-|AuAgTe. 

thin OS gg on surfaces of tively told from tellurium and the 

rock like ancient, other. similar tellurides only by 

forms of writing ic tests (see p. 157). 

Monoclinic. In irregular Easily fusible in candle flame.|Calaverite. 

small masses or in thin, Takes on at times a faint yellow|AuTep. 

deeply striated lath-shapedicolor. A very rare mineral. Told 

crystals. |from tellurium and sylvanite by its 
lack of cleavage, but for positive 
identification may need chemical 
| tests. 

Hexagonal, hemimorp hic. See p. 383. Niccolite. 

ive. NiAs. 

Isometric. Massive. Recognized usually by its promi--BORNITE. 
nent purple tarnish. Associated |Cu,FeS,. 
with other copper ores, chiefly 
ichalcocite and chalcopyrite. 

Hexagonal. Massive. Recognized usually by its charac--PYRRHOTITE. 
teristic color. Small fragments Fe,S,. 
often ic. Often associated 
with chaleopyrite and pyrite. 

Frequently carries nickel. 

Isometric. Granular. A rare mineral resembling closely|Pentlandite. 
pyrrhotite, with which it is inti-|(Ni,Fe)S. 
mately associated. Distinguished 
from pyrrhotite by its cleavage. 

 Tetragona!, sphenoidal. Us-| Usually recognized by its color and|;CHALCOPYRITE 
ually massive. Sometimes! softness. Associa with pyrite, (Copper Pyrites). 
in small tetrahedral-shaped|chalcocite, bornite, etc. CuFe8S2. 

crystals. 

Rhombohedral. — In radiat- Commonly called capillary pyrites | Millerite. 

ing groups of hairlike crys- NiS. 

tals. 

Hexagonal. In platy masses|A rare mineral. Characterized Covellite. 

or in thin six-sided platy|chiefly by its color. Tarnishes/CuS. 

crystals. to blue-black on exposure. Mois- 
tened with a drop of water turns 
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METALLIC OR 


II. Can be scratched by a knife, but will 
Cleavage and | Spec. 
Streak. Color. Hardness. Fracture. Grav. 
Steel-gray to iron-|4. One good C. 4.3 
black. F. Splintery. 
F. Uneven. 4.3 
Dark-brown 
to black. 
Tron-black to\5.5. Scratched by 
brownish black, knife with diffi- 
culty if at all. One good C. 12-7.5 
F. Uneven. 

See also psilomelane and tetrahedrite, p. 373, which may give brown-black streaks. 
Light to dark) Dark brown to 3.5-4, Perfect C. in six diree-| 4.1 
brown, coal-black. tions (dodecahedral). 

F. Uneven or fibrous, 5.2 
Dark brown to 5.5-6.5. Softer in 
steel-gray to some earthy vari- 
black. ae but Reman! 
arder than a 
: knife. F. Splintery. 4.1 
Red-b : 
ites cc Deep red to black. |2.5. C. Rhombohedral. 5.8 
F. Conchoidal. 
Red-brown to|3.5-4. F. Uneven. 6.0 


deep red. 


variety. 


. Ruby- 
red in transparent 
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SUBMETALLIC LUSTER. 
not readily leave a mark on paper. (Continued.) 


Crystallization and Name and * 
Structure. Remarks. Composition. 


Orthorhombic. In radiating Often closely resembles pyrolusite,|MANGANITE. 
fibrous or crystalline masses. with which it is frequently associ-| MnO(OH)= 
Sometimes in distinct pris- ated, but is to be distinguished/Mn,O;.H,O. 
matic crystals, often grouped from the latter by its greater hard- 

bundles. \ness and dark-brown streak. 


Zz 
Usually in granular masses. |See p. 385. CHROMITE 
(Chromic Iron). 
FeCr,04= 
FeO.Cr.0s3. 


Monoclinic. In bladed Characterized by bladed structure) Wolframite. 
masses. Granular to mas-/showing good cleavage parallel to|(Fe. Mn)WQ,. 
sive. length of crystal. As the amount 

of manganese contained in the min- 

leral increases it becomes browner 
in color and streak and graduates 
toward hiibnerite, MnWO,. 


Isometric, tetrahedral. Most sphalerite is nonmetallic and) SPHALERITE 
Usually cleavable granular. |strongly resinousin itsluster. With|(Zine Blende, Black 
increase in the amount of iron pres-|Jack, etc.), 

ent it becomes dark brown to|(Zn.Fe)S. 

black. The darker varieties can 

often be told by scratching a cleay- 

age surface with a knife and noting 

the reddish mark left. The color 

of the streak is always much 

lighter than the color of the speci- 


men, 

See p. 385. HEMATITE. 
F ‘e203. 

See p. 385. Turgite. 
Fe, (OH = 
2Fe,0;.H,0. 


Rhombohedral. Irregular |The dark Ruby Silver, showing Pyrargyrite. 
massive. dark aaah color in thin splinters. /3Ag.8.Sb.83. 
See p. 387. 


Isometric. Massive or rarely|Characterized by its submetallic CUPRITE. 
in isometric crystals, cubes|luster and red streak. Associated |Cu,0. 

or octahedrons. Sometimes|with other copper minerals, espe- 

in very slender crystals|cially malachite and native copper. 

Baer Seca or plush cop- 

per). 
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METALLIC OR 
Il. Can be scratched by a knife, but will 


° Cleavage and | Spec. 
Streak. Color. Hardness. Fracture. Grav. 
F. Splintery, 3.64.0 
Yellow- Dark brown to 5-5.5. Softer in 
brown. Yel- |black. some varieties but 
low ocher. usually harder 
: than a knife. 
One good C. 4.3 
F. Splintery. 
| 
Dark red. Dark red to ver- |2-2.5. Some |F. Uneven. 8.1 
milion. earthy varieties |Prismatie C., seldom 
are soft enough to/seen. 
mark paper. 
Copper-red, |Copper-red, 2.5-3. \F. Hackly. 8.8 
shiny. black tarnish. 
Silver-white, |Silver-white, gray|2.5-3. F. Hackly. 10.5 
shiny. to black tarnish. 
Gray, shiny. |Whitish, or steel-|4-4.5. F. Hackly. 14-19 
gray. 
Silver-white, |Silver-white with |2-2.5, Perfect basal and 9.8 
shiny. a reddish tone. rhombohedral C. 
Gold-yellow, |Gold-yellow. 2.5-3, F. Hackly. 19 
shiny. 
Olive-green. |Iron-black with a|3.5-4. C. Cubical. 3.9 
brown tarnish, 
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-SUBMETALLIC LUSTER. 
not readily leave a mark on paper. (Continued.) 


Crystallization and Name and 
Structure. Remarks. Composition. 


\See p. 387. LIMONITE 

(Bog Iron Ore). 

: Fe,O;(OH).= 
2Fe,03.3H.O. 


|See p. 387. Goethite. 
FeO(OH)= 
Fe,0;.H,0. 


Rhombohedral. Usually vc sually impure and of a dark-red or CINNABAR. 
fine granular or earthy. ‘brown color. When pure is trans-|HgS. 
lucent to transparent and of a bright 
lred color. Very heavy. 


A metal. Malleable. Very heavy.|;COPPER. 

“Isometric. Usually in irreg- Cu. 

ular . May be in 

branching erystal groups or| 

in rude isometric crystals. /4 metal. Malleable. Very heavy. SILVER. 
gZ. 


Isometric. Irregular grains|A metal. Malleable. Very heavy.|Platinum. 
or nuggets. hence 4 hard fora metal. Very|Pt. 


: 

Rhombohedral. In cleav-\A metal. Sectile. When ham-/Bismuth. 
able granular masses. mered out is at first malleable but) Bi. 

soon breaks up into small pieces. 
Easily fusible in the candle flame. 
A rare mineral. 


Isometric. In irregular|A metal. Malleable. Very heavy.|GOLD. 
grains, nuggets, leaves, etc. Au. 


Isometric, tetrahedral. In|A rare mineral. Characterized by ee 
ns. 


granular cleavable masses. |its brown tarnish, olive-green 
streak and cubical cleavage. 


Oe as 
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METALLIC OR 


; III. Cannot be scratched 
Cleavage and | Spec. 
Streak. Color. Hardness. Fracture. | Grav. 
5.5-6. F. Uneven. 6-6.2 
5.5-6. F. Uneven. 5.5-6 
Silver or tin white. 
5.5. F. Uneven. 5.5 
5.5. F. Uneven. 4.9 
Black. Usually pale cop-|5-5.5. F. Uneven. 7.5 
per-red. Some- 
times almost sil- 
ver-white with 
pink tone. 
Pale brass-yellow.|6-6.5 Uneven. 5.0. 
Pale yellow to al-|6-6.5 Uneven. 4.9 
most white. 
Yellowish tarnish. 
Black. 6. F. Uneven. Attimes| 5.18 


shows octahedral part- 
ing. 
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SUBMETALLIC LUSTER. 


by a knife. 


Crystallization and 
Structure. 


| Remarks. 


; 


Name and 
Composition. 


Orthorhombic. Massive 
granular. Sometimes in 
crystals 


) 


When crystallized is commonly 
found in diamond-shaped tabular 
crystals with striations running 
‘parallel to the shorter diagonal of 
the diamond. Sometimes in fan- 
|shaped twins. 


ARSENOPYRITE 
(Mispickel). 
FeAss, 


Isometric, pyritohedral. 
Massive. 


Rare minerals found with other co- 


jbalt and nickel species. 


Smaltite- 
Chloanthite. 
CoAs.-NiAs». 


Isometric, pyritohedral. 
Usually massive. 


Isometric. In fine granular 


masses or in small setahe-| 


dral erystals. 


| Rare minerals found with other co- 
balt and nickel species. Cobaltite 
shows a faint reddish tone to its 
silver color. 


A rare mineral. 


Cobaltite- 
Gersdorffite. 
CoAsS-NiAss. 


Linnzite. 
(Co, Ni)3S,. 


Hexagonal, he mimorphic. 
Massive. 


| 
Recognized chiefly by its color and 


streak. A rare mineral found with 
jother nickel and cobalt ores. 


Niccolite. 
NiAs. 


Isometric, pyritohedral. 
Massive granular. Often in 
striated cubes, octahedrons, 
pyritohedrons, ete. 


Orthorhombic. Often in ra- 
diating fibrous masses. In 
erystal groups. 


_ Isometric. Usually coarse to 
fine granular. At times in 
erystals, usually octahe- 
drons. 


Most common sulphide. Will 


\strike fire with steel. 


Found in nodules and stalactites. 
Not nearly so common as pyrite. 
Usually distinguished from pyrite 
by its lighter color and character- 
istic crystals, but it may require a 
chemical test to ae. differ- 
entiate them (see p. 156). 


PYRITE 
(Iron Pyrites). 
Fes. 


MARCASITE 
(White Iron Py- 
rites). 

FeS». 


Strongly magnetic. No other min- 
eral exhibits this property as 
strongly. 


MAGNETITE, 
Fe;0,. 
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METALLIC OR 


III. Cannot be scratched 
Cleavage and | Spec. 
Streak. Color. Hardness. Fracture. Grav. 
5.5. F. Uneven. 9-3 7 
Black. | 
5.5-6 F. Uneven. 4.3 
Very dark 
brown to 
black. 
5-6. F. Uneven. 4.3 
Black. 
6. F. Uneven. 5.3-7.0 
One good C. 7.2-7.5 
F. Uneven. 
F. Uneven. 4.6 
Dark brown. |Iron-black to 5.5-6. 
brownish black, 
F, Uneven. 5.1 
F. Uneven or fibrous.| 5.2 
Red-brown. |Dark brownto {5.5-6.5. 
Indian-red. _jsteel-gray to Softer in some 
black. earthy varieties. 
Ff. Splintery. 4.1 
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‘a 


SUBMETALLIC LUSTER. 
by a knife. (Continued.) 


Crystallization and Name and 

: Structure. Remarks. Composition. 
' 

FTisometric. Massive granu- Characterized by its black color| Uraninite 


lar. Small botryoidal.and pitchy luster. Rare. The 

Rarely in octahedral crys-'mineral in which the rare elements 

tals. jhelium and radium have i 
found. 


(Pitch Blende). 
Uncertain composi- 
tion. Chiefly oxides 
of uranium. 


/ 
Rhombohedral. In grains as Sometimes slightly magnetic. 
sand; massive granular; platy Often associated with magnetite. 
Soryatal / 


ILMENITE 
(Titanic Iron). 
FeTiO; with Fe.O3. 
Sometimes much 
Mg. 


Compact massive, some- Dull-black luster. Often associ- 

times stalactitie or botryoi- ated with other manganese ores 

from which it is told by its greater 
dness. 


Psilomelane. 
Uncertain composi- 
tion. MnO, with 
MnO, H.O, BaO, 
K,O, ete. 


: 
: 
} 
7 | 
Orthorhombie. Granular or Black shiny luster on fresh surface. 


in stout prismatic crystals. Sometimes takes on a slight bluish 
|tarnish. 
In bladed masses. See p. 379. 


Colum bite- 
Tantalite. 

(Fe,Mn) Nb2O¢ 

with (Fe,Mn)TayOg. 


Wolframite. 
(Fe,Mn)WO,. 


/ 
| 
} 
: 
| 


Isometric. Usually in granu- Characterized often by a pitchy 

lar masses. Rarely in small luster and accompanied frequently 

octahedral crystals. iby traces of a yellow oxidation 
|product. 


CHROMITE. 
(Chromic Iron). 
FeCr,0,. 


|Occurs at Franklin Furnace, N. J., 
usually in intimate association with 
\zineite (red) and willemite (green). 


Isometric. Granular or in 
octahedral crystals. 


FRANKLINITE. 
(Fe,Zn,Mn)O 
(Fe,Mn)oO3. 


Recognized usually. by its red- 
\brown streak. When in fibrous 
mammillary forms cannot be posi- 
tively told from the rare mineral 
turgite except by proving the ab- 
sence of water in its composition by 
heating in a closed tube. 


Rhombohedral. Radiating, 
reniform, crystallized, mica- 
ceous. 


HEMATITE. 
Fe,03. 


Radiating reniform and sta-|A rare mineral usually associated 
lactitic. with limonite. For positive iden- 
tification see above. 


Turgite ? 
(Hydro-hematite). 
Fe,O;(OH)o= 
2Fe.O3. H,0. 
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METALLIC OR 


III. Cannot be scratched 


Cleavage and | Spec. 


Streak. Color. Hardness. Fracture. | Grav. 
F. Splintery. 3.6-4.0 
Yellow- ae brown to . fe ; 
brown. ack, Softer in some Cele gon 43 
earthy varieties. | 5 Solimteny. 
NONMETALLIC 
I. Give a definitely 
Cleavage and | Spec. 
Streak. Color. Hardness. Fracture. Grav 
Dark red to ver-|2-2.5. F. Uneven. 8.1 
million. 
Dark red. 
Red-brown. 3.5-4. F. Uneven. 6.0 
Ruby-red when 
transparent. 
5.2 
Dark brown to’ |5.5-6.5. F. Splintery. 
steel-gray, to 
black. 4.1 
Red-brown. 
Indian-red. 
Deep red to black. |2.5. F. Conchoidal. 5.8 
Bright red. Ruby-red, 2-2.5. F. Conchoidal. 5.5 
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-SUBMETALLIC LUSTER. 
by a knife. (Continued.) 


Crystallization and 


Structure. Remarks. 


| 


Name and 
Composition. 


Radiating fibrous in Load eae by its streak and 

millary or stalactitic forms. structure. Not always to be posi- 
|tively told from the rarer mineral 
goethite, except by an estimation of 
the water present. Limonite con- 
a 15%, goethite 10% of water. 


Radiating Told definitely from limonite if it 
fibrous in lary or showscleavage or any crystal struc- 
stalactitic forms. Some-ture. Otherwise to be distin- 
times in groups of slender guished only as described above. 
radiating crystals. More 

rarely in distinct prismatic 

crystals. 


Orthorhombic. 


LIMONITE 
(Bog Iron Ore). 
Fe,O;(0H),.= 
2F e,03.3H,0. 


Goethite. 
FeO(OH)= 
F ‘e203. H,0. 


LUSTER. 
colored streak. 


Crystallization and 


Structure. Remarks. 


Rhombohedral. Usually 
fine granular or earthy. 


Name and 
Composition. 


CINNABAR. 
HgS. 


Usually massive. 


Reniform, crystalline, mica- |See p. 385. 


ceous, earthy. 


Reniform and stalactitic. See p. 385. 


The dark ‘‘ ruby silver ” showing 
dark ruby-red color in thin splin- 
ters. A rare mineral associa 

with proustite, stephanite, polybas- 
lsite, argentite, etc. Easily fusible 


Rhombohedral. Irregular 
massive. Rarely in crystals. 


CUPRITE 
(Ruby Copper). 
Ju,0. 


HEMATITE. 
Fe,0;. 


Turgite. 
Fe,O;(OH).= 
2Fe,O0;.H,0. 


Pyrargyrite. 
3Ag8. Sb283. 


jin the candle flame. 
The 


light ‘‘ ruby silver.’’ Charac- 
Serre by its color and adamantine 
luster. Rare, with associations 
like those of pyrargyrite. Easily 
fusible in the candle flame. 


Rhombohedral. Irregular 
massive. Rarely in crystals. 


Proustite. 
3Ag.S.As.83. 
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NONMETALLIC 
I. Give a definitely 


Cleavage and | Spec. 


Streak. Color. Hardness. Fracture. | Grav. 
a ' 
F. Splintery. 3.6-4,0 
Yellow- Dark brown to |5-5.5. Softer in 
brown. black. some varieties but 
usually harder 
than a knife. One good C. 4.3 
F. Splintery. 
Brown. Dark brown. 5.5. One good C. 7.2-7.5 
F. Uneven. 
Light brown. |Light to dark 3.5 Perfect C. In6direc-| 4.0 
brown. tions (dodecahedral). 
Light orange |Orange-yellow, 4.5-5. Prismatic C. 4.8-5 2 
to dark brown, black. 
brown. 
Light Brown to black. |6-7. F. Uneven. 6.8-7.1 
brown. 
Light Reddish brown to|6-6.5. F. Uneven. 4.2 
brown. black. C. Not prominent. 
Deep red to or- ‘44.5. C. Basal. 5.5 
ange-yellow. ; 
enaeyel Bright red. 2.5-3. F. Uneven. 5.9-6.1 
Deep red. 1.5-2. Can be |F. Conchoidal. One| - 3.5. 
scratched by fin- |C., not prominent. 
ger nail. 


LUSTER. 


colored streak. (Continued.) 
Crystallization and N d 
Remarks. snes arr 
Structure. ks Composition. 
. enh See 
Mamumillary or stalactitic. (See p. 387. LIMONITE 
( Tron Ore). 
Fe,O;(OH).= 
2Fe,03.8H.0. 
Mammillary or stalactitic. See p. 387. Goethite. 
Radiating groups of| FeO(OH)= 
crystals. Fe,0;.H,0. 
Monoclinic. In bladed See p. 379. Wolframite. 
masses. : (Fe,Mn)WO,. 
ee nee eee ee 
Isometric; tetrahedral. I eh Mistentoctena by its resinous luster SPHALERITE, 
granular cleavable masses or/and perfect cleavage. See p. 379. |ZnS. 
in rounded crystals. 
oat ger In prismatic)A rare mineral. Thorite. 
crystals; also massive, com- ThSiO,. 
pact. 
‘Tetragonal. In ohh aed Very heavy. Usually opaque to,;CASSITERITE 
masses; in com pact brous/ transl ucent. Occurs as rolled grains (Tin Stone). 


reniform structure; in rolled|in sand; in pegmatite veins and in) SnO,. 


grains. Rarely in prismatic 


granite rocks. 


pamntets. ommonly 
twi 
she on In rismatic RUTILE. 
crystals vertically striated; TiOg. 
often slender cetediar: Fre- 
quently twinned. 
Hexagonal; hemimorphie. Characterized by its color, streak) ZINCITE. 
Granular cleavable. and cleavage. Found at Franklin|(Zn,Mn)O. 
|Furnace, . J., often intimately as- 
lsociated with’ franklinite (black) 
land willemite (green). 
Monoclinic. In long slender Characterized by its color and|Crocoite. 


crystals, often in interlacing 
groups. 


high luster. Decrepitates in the 


‘candle flame. 


Monoclinic. 
earthy. 


Crystallized or 


Easily fusible in the candle flame. 
\Characterized by its color and|A: 
lwhen in crystals by its resinous 
luster. 
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PbCrO,. 


Realgar. 
As8. 


NONMETALLIC 
I. Give a definitely 


Cleavage and | Spec. 
Streak. Color. Hardness. Fracture. Grav. 
Lemon-yellow. 1.5-2. Can be. |One prominent C. 3.5 
seratched by fin- 
ger nail. 
Pale yellow. 1.5-2.5. F. Conchoidal or un-|- 2.0 
Pale yellow. even. 
_ 
Light yellow-|Blackish, a: F. Uneven. 4.4 
green. olive-green, 
brown. 
3-3.5. One good C. 3.7 
Dark emerald- 
green, 
3.5-4. One good C., notcom-| 3.9 
monly seen. 
Light green. 
Bright green. 3.5-4 One good C., rarely| 3.9-4.0 
seen. 
3.5-4. F. Conchoidal or un-| 3.7 
even. 
Light blue. | Intense azure-blue. 
2.5. F. Conchoidal. 2.2 
Very light Light green to tur-|2-4. F. Uneven. 2.0-2.4 
blue. quois blue. 
Grayish blue. |Very dark blue. /|1.5-2. One good C, 2.6-2.7 
Bluish green. 


See also lazurite, p. 415, which may give a very light blue streak, 
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colored streak. 


P 


LUSTER. 


(Continued.) 


Crystallization and | 


Structure. 


Monoclinic. 
masses. 


Orthorhombic. In crystals. 
Granular crystalline. 
y- 


Orthorhombic. In aggre 
gates of small crystals. 


Si tberkoenbae. In granular 
cleavable masses or in small 
prismatic crystals. 


In cleavable 


Remarks. 


Easily fusible in the candle flame. 
i by its cleavage, 
color and resinous luster. 


|Burns with a blue flame giving a 
\strong odor of sulphur dioxide. 
|poor conductor of heat. A mass 
|held in the hand close to the ear 
will be heard to crackle on account 
jof the i expansion due to the 
heat of the hand. Often earthy 
and impure. 


; 
‘Characterized by its color and 
small prismatic crystals. 


A|s 


Name and 
Composition. 


Orpiment. 
As,§3. 


SULPHUR. 


Olivenite. 
Cu(Cu.OH)As0,. 


\Characterized by its dark green 
‘color and good cleavage. 


Acatamite. 
Cu,Cl(OH),= 
CuCl,.3Cu (OH)s. 


Orthorhombic. In small 
prismatic crystals or in gran- 
ular masses. 


Monoclinic. Radiating fi- 
brous, mammillary. 


\Characterized by its green color 
and slender prismatic crystals. 


Characterized by its bright green 
color and radiating fibrous struc- 
ture. Effervesces when a drop of 
cold acid is placed on the specimen. 


Brochantite. 
CuSO,. 3Cu (OH)s. 


MALACHITE. 
CuCO;.Cu (OH)>. 


In small crys- 
tals, often in groups. i- 
ating fibrous, mammillary. 


Characterized by its intense blue 
color. Effervesces when a drop of 
cold acid is placed on the specimen. 


AZURITE, 
2CuCO;.Cu(OH)s. 


Triclinic. In crystals. Mas- 
sive, stalactitic. Sometimes 
with fibrous appearance. 


Massive and amorphous. 


Soluble in water. Metallic taste. 
Characterized by color. Product 
of oxidation of copper sulphides. 


Chaleanthite. 
(Blue Vitriol). 
CuS0,.5H,0. 


Characterized by its structure and 
eolor. Associated with other cop- 
per minerals. 


CHRYSOCOLLA. 
CuSiO;.2H,0. 


Monoclinic. Usually in pris-|Characterized by its color and) Viviani 


matic crystals. 


streak. 


te. 
Fe;(PO,)2.8H,0. 


and lepidomelane, p. 393, which may give a light green streak. 
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Cleavage and 
Fracture. 


NONMETALLIC 
II. Give a 


1. Can be scratched 


Perfect cleavage in 
one plane. 
The Micas or re- 
lated micaceous 
minerals, which 
possess such a 
perfect cleavage 
that they can be 
split into exceed- 
ingly thin sheets. 
Sometimes they oc- 
cur as aggregates of 
minute scales when 
the micaceous 
structure may not 
be reaclily appar- 
ent. 


Spec. 

Color. Luster. Hardness. Gray. 
Pale brown, green,| Vitreous, pearly. |2-2.5. 2.8 
yellow, white. 
Usually dark Vitreous. 2.5-3. 3.0 
brown, green to 
black. May be 
yellow. 
Yellowish brown,| Vitreous, pearly. |2.5-3. 2.8 
green, white. 
Black, greenish |Adamantine to (3. 3-3.2 
black. pearly. 
Green of various} Vitreous, pearly. |2-2.5. 2.7 
shades. 
White apple- Pearly, greasy. Very soft. Will 2.8 
green, gray. leave a mark on 
When impure as in cloth. 
soapstone, dark 
gray, dark green 
to almost black. 
White, gray Pearly, vitreous. |2.5. 2.4 


green. 
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LUSTER. 


colorless streak. 
by the finger nail. 


Crystallization and 


Structure. Remarks. 


In foliated The common mica or ising-glass. 
masses; in tabular crystals|C by its micaceous 
with hexagonal or diamond-|structure, its perfect cleavage, the 
shaped outlines: in scales. elasticity of its leaves and its light 

color. While in the mass it may be 
brown or green, the thin sheets are 
colorless. 


Name and 
Composition. 


MUSCOVITE 
(Potash Mica). 
H,KAI;(Si0,)3. 


Monoclinic. In irregular foli- The common dark green or black 

ated masses. Six-sided tab- mica. Even in thin sheets it shows 

ular crystals rare. la amet color. Sheets are flexible 
and elastic. 


BIOTITE. 
(H,K),(Mg,Fe), 
(Al, Fe) (SiO,)3. 


; 
Monoclinic. In Gg foli- Usually a light- though sometimes 


ated masses. in six- a dark-colored mica. Often shows 
sided tabular reeds fre-.a coppery-like reflection from the 


quently large. cleavage surface. Occurs in crys- 
|talline limestone. 
| 

Monoclinic. Usually inCharacterized by its micaceous 


masses of small a i or and its shining black 
scales. jcol or. 


PHLOGOPITE. 
(H, K)3(Mg,Fe)s 


(Al, Fe) (SiO,);3. 


GP Pere, 
3 ae Al), 


Si0,);?. 


| 


: 
Usually in ir- Characterized by its green color 
the fact that thin sheets are 
but not elastic. 


Monoclinic. 
regular foliated masses, at and b 
times in compact masses of |flexib 
minute scales. 


Monoclinic. FD liated or |Characterized by their y feel, 

compact. softness, frequently distinctly foli- 
ated or micaceous structure. Can- 
not be positively told apart by phys- 
ical tests. See p. 280. 


Rhombohedral. Commonly 
foliated massive. At times! 
in broad tabular crystals. 


Luster on cleavage surface pearly, 
elsewhere vitreous. Sectile. 
Transparent to translucent. Can 
be split with some difficulty into 
thin sheets which are somewhat 
flexible but not elastic. 


pombe re 
(Ripidotit, Chlo- 
TM ALSis01». 


g 


TALC 
(Steatite, 
peep. 


H2.Mg;(Si03)4- 


PYROPHYLLITE 
H,Al,(Si0;)«. 


Brucite. 
Mg(OH):. 
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NONMETALLIC 


II. Give a 


1. Can be scratched 


Cleavage and Spec. 
or. Luster. Hardness. : 
Fracture. Col Grav. 
Perfect pinacoidal |Colorless, white, | Vitreous. 2. 2:3 
C. Two other |gray. Sometimes 
cleavages not so jcolored by impur- 
prominent. ities. 
One perfect C. Blue, bluish green| Pearly to vitreous. |2-3. 2.6-2.7 
to colorless. 
Cubical C. Colorless or white.| Vitreous. 2-2.5. 2.0 
F. Uneven. Pearl gray or col-| Adamantine. 2-3. Highly sec-| 5.8-6.0 
orless. Turns to tile. 
pale brown on ex- 
posure to light. 
F. Uneven. Green or yellow. |Adamantine. we Highly sec-| 5.8 
tile. 
F. Uneven, Pale yellow. Resinous. 1.5-2.5. 2.0 
F. Uneven. 23 
Rhombohedral C. 
Seldom seen. 
Colorless or Vitreous. 1.5-2. 
white. 
F. Conchoidal. poe 
C. Prismatic, sel- : 
dom seen. : 


See also kaolinite, bauxite, and greenockite p. 401, which on account 


—— ee 
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: LUSTER. 
_ colorless streak. 
by the finger nail. (Continued.) 


Crystallization and Name and 
Structure. Remarks. Composition. 


Monoclinic. In granular) Characterized by its one perfect GYPSUM 

masses or cleavable crystal-) cleavage, and two others, one giv-|(Alabaster). 
ing a conchoidal surface and the|CaSO,.2H,O. 
other a silky surface, and by its 


softness. 
Monoclinic. See p. 391. Vivianite. 
Fe;(PO,).8H,0. 
Isometric. See p. 397. Sylvite 
KCI. 


Isometric. In irregular |Commonly known as horn-silver,, CERARGYRITE 
masses. Rarely in rude| it can be cut with a knife| (Horn Silver). 
crystals. like horn and because in thin plates|AgCl. 

it is translucent. More common 

than the other halogen salts of sil- 

ver but to be distinguished from 

them only by chemical tests. 


Isometric. In irregular|Like cerargyrite. To be distin-/Embolite. 
masses. Rarely in rude crys- — from it only by chemical|/Ag(Cl,Br). 


tals. 


Orthorhombie. Crystal-|Burns with a blue flame giving a SULPHUR. 
Granular. Earthy. |strong odor of sulphur dioxide.|/5. 
ve earthy andimpure. See also 
Dp 


Saline crusts. SODA NITER. 
NaNO 


Rare minerals. Readily soluble in 

water; ysice 2 a nit a 

Read: t F 
Usually in thin crusts, silky ay Sesihiia i She cendie Ree Niter. 
tufts and delicate acicular KNO;. 


crystals. 


of their earthy structure may appear to be softer than the finger nail. 


395 


NONMETALLIC 
II. Give a 
2. Cannot be scratched by the finger nail, 


a. Showa 
Spec. 
Cleavage. Color. Luster. Hardness. Grav: 
Lilac, grayish, Pearly. 2.54 2.8-2.9 
white. 
"OSes ~ one | Pink, gray, white.|Pearly. 3.5-4.5 3.0 
See also the miner- 
als of the mica 
group, p. 393, which 
aA ae pnt oy Blue, bluish green| Pearly to vitreous. 3 2.6-2.7 
ger nail. to colorless. 
Colorless or white.| Vitreous to resi- 3.5 4.3 
nous, 
Colorless, white,} Vitreous. 2.5 2.1 
red, blue. 
Cubic. 
Colorless or white.| Vitreous. 2-2.5 2.0 
4 
| 
4 
o 
8 
In 3 directions|Colorless, white,|Vitreous, pearly. 3-3.5 2.9 
3 at right angles|blue, gray, red. 
to each other 
© but with vary- 
© ing degrees of 
EB ease, 
A | 
& Colorless, | white! Vitreous. 3 VA} 
£ and _ yariously 
§ R tinted. 
o In 3 directions 
not at right 
angles to each 
other, giving 
thombohe- 
drons, noe 
Colorless, white,|Vitreous, pearly. 3.5-4 2.8 
pink, ete, 


LUSTER. 


colorless streak. 


but can be scratched by a cent. 
Prominent cleavage. 


Crystallization and Re oe Name and 
Structure. eae at Composition. 
Monoclinic. In masses of Characterized by its lilac color.|Lepidolite 
small irregular scales.|Always in very small sheets or) (Lithia Mica). 
Rarely in six-sided prismatic scales. A rare mineral often asso-|LiK(Al(OH,F).) 
crystals. \ciated with colored tourmalines. |AI(SiO,)3. 
; 
Monoclinic. Usually in ir- Folia somewhat brittle. Charac-|Margarite. 
regular foliated masses. rat iy by its color. A rare min-|H,CaAI,Si,0.. 
eral. 
Monoclinic. Prismatic crys- A rare mineral. Vivianite. 
tals, often in stellate groups. Fe;(PO,)2.8H,0. 
At times divergent, fibrous 
or earthy. 
Usually massive with radia-|Cleavage rarely prominent. See p.|WITHERITE. 
ting structure. 411. BaCo;. 
Isometric. In granular|Common salt. Characterized by|HALITE 


cleavable masses or in cubiciits salty taste. Fusible in the can- 


crystals. flame. Highly diathermous. 
Compare sylvite, below. 
Isometric. Same as for hal-|A rare mineral closely resembling 


ite. Crystals frequentlythalite. To be distinguished from 

show octahedral truncations.|it by its more bitter taste and its 
greater softness (can usually be 
scratched by the finger nail). 


Orthorhombic. In granular|Characterized chiefly by its cleav- 


(Common Salt). 
NaCl. 


Ivite. 
KGL 


ANHYDRITE. 


cleavable masses. age. If in a form where this does 
not show it will require chemical 
tests to determine it. 


Rhombohedral. In fine- to|Effervesces readily when a a 
coarse-grained cleavab|ejcold acid is placed upon it. Char- 
masses. When crystallized|acterized by its perfect rhombo- 
shows prismatic, rhombo-|hedral cleavage and crystal forms. 
hedral and scalenohedral/Clear varieties show strong double 


forms. refraction. Occurs in large masses 
as limestone and marble. Crystal 
faces may be harder than a cent. 
Rhombohedral See p. 407. 


CaSO, . 


CALCITE. 
CaCO; . 


DOLOMITE. 
CaMg(CO3)2. 
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NONMETALLIC 


II. Give a 
2. Cannot be scratched by the finger nail, 
a. Showa 


Cleavage and 
Fracture. 


Spec.. 
Grav. 


Color. Hardness. 


Colorless, white,|.Vitreous, pearly. 3-3.5 4.5 
blue, yellow, red. 
In 3 directions Colorless, white,| Vitreous, pearly. 3.9 
giving tabular blue, red. 
diamond-shaped 
cleavage blocks. 
6.3 


when impure. 


b. Do not show a 
1. A small splinter is 


a. Readily soluble in water; 


F. Conchoidal. foiaries, white,| Vitreous, greasy. 2.5 1.6 
red. 

F. Conchoidal. Colorless or white.| Vitreous. 2-2.5 ay 

One good C. sel- 

dom seen, 

F. Conchoidal. (Colorless or white.| Vitreous. 2-2.5 : yf 


See also halite, p. 397, which may exist in forms 
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LUSTER. 


colorless streak. 
but can be scratched by a cent. 
-prominent cleavage. (Continued.) 


Crystallization and | Name and 
Structure. ) Remarks. Composition. 


Orthorhombic. Inaggeregates Characterized by its unusual/BARITE, 

of platy crystals or in tabular weight for a nonmetallic mineral,|Barytes. 
orthorhombic crystals with its platy structure, cleavage and/(Heavy Spar). 
rectangular or diamond- pearly luster on basal cleavage.|BaSQ,. 
shaped outlines. Crystal/At times to be told from celestite 
edges frequently beveled by!and anglesite only getting a green 
— faces. At times granu- flame (test for barium). 


| 
Orthorhombic. In granular Very similar in appearance to ba-CELESTITE. 
platy masses or in tabularrite. Frequently can only be told|/SrSQ,. 
crystals like those of barite. from barite and anglesite by get- 
At times in long prismatic- ting a crimson flame color (test for 
like crystals with blunt ter- strontium). 
minations. | 


Orthorhombic. Usuall Sl haetachaiced by its weight. Usu-/ANGLESITE. 
earthy and impure. Atally associated with galena as an|PbSQ,. 
times in small crystals re-alteration product in concentric 
sembling those of barite and layers around an unaltered core of 
celestite. \galena. Will often need a test for 


lead for its positive identification. 


prominent cleavage. 
fusible in the candle flame. 


yield a taste. 

Orthorhombie. Commonly|A rare mineral. In the candle}|Carnallite. ‘ 

massive, granular. — swells, then fuses. Bitter]|MgCl..KCI.6H,O. 
salty taste. 


Monoclinic. In crusts, often|A comparatively rare minera].|BORAX. 

impure. Rarely in prismatic|Found only in dry countries. In|Na,B,O;.10H,O. 

crystals. candle flame swells and then fuses. 
Sweetish-alkaline taste. 


Usually fibrous o massive preg — with spt in we ee a ) 
or in mealy or solid crusts. le flame. rare mineral. s-| (Potas um), 
A tringent taste. KAI(SO,)o.12H,O. 


in which its cleavage is obscure. 
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NONMETALLIC 
Il. Give a 


g. Cannot be scratched by finger nail, 


b. Do not show a 


1. A small splinter is fusible 
b. Insoluble in” 
Cleavage and Spec. 
Color. Luster. Fracture. Hardness. firae 
Vitreous to greasy.|F. Uneven. 3-3.5 2.9 
In one direc- 
tion, seldom seen. 
Colorless or white. |Adamantine. F. Conchoidal. 3-3.5 6.5 
Colorless, yellow, | Resinous. F. Uneven. 3-3.5 7.0-7.2 
orange, brown. 


See also vanadinite below, 


2. Infusible 
Colorless or white.) Vitreous to resi-/F. Uneven. 3-3 5 4.3 
See also bauxite, |nous. 
wavellite and ser- 
oeiead ape ets 
which may be ; 
Soariva ite. Pearly, dull. F, Earthy. 2-2.5 2.6 
Honey-, citron- or|Adamantine, resi-/F. Uneven. 3-3.5 4.9-5.2 
orange-yellow. nous, earthy. 
Yellow, brown, Dull, earthy. F. Uneven. 3 2.5 
gray, white. ‘: 
Ruby-red, brown, | Resinous. F, Uneven. 
yellow. : E - ae 

had 
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LUSTER. 
colorless streak. 


but can be scratched by a cent. 


prominent cleavage. 
in the candle flame. 
water. 
Crystallization and Name and 
Structure. Remarks. Composition. 
Monoclinic. Massive. ‘Characterized by its peculiar trans-|CRYOLITE. 
lucent appearance, like that of par-| Na;AlF.. 
jaffine. Its fine powder practically 
disappears when placed in water 
io is insoluble. 
Orthorhombic. In AL Fu fused in the candle flame is|}\CERUSSITE. 


masses; platy crystals often 'slowly reduced showing globules} PbCQ;. 


crossi 


lattice-like effect. 


each other to form a) lof lead on surface of fragment. 


Heavy. Effervesces when a drop 
‘of cold acid is placed upon it. 
Associated usually with pe se 


See p. 413. 


which may fuse slightly. 


Mimetite. 
Pb,(PbCl)(As0O,)3. 


in the candle flame. 


Often massive with radiat- 


ing structure. 


Generally clay-like, com- 


pact or mealy. 


See p. 411. 


Often i impure. When breathed upon 
‘gives an argillaceous odor. Will 
ladhere to adry tongue. The basis 
of most clays. 


WITHERITE. 


BaCO,. 


KAOLINITE. 


11) HAl,Si0,. 


Hexagonal, hemimorphic. 
Usually in form of powder. 
Rarely in crystals. 


A rare mineral. Characterized by 
its color and pulverulent form. 
Often as a coating on sphalerite. 


Greenockite. 
ds. 


In rounded grains. Also 
earthy, clay-like. 


A rare mineral. Often impure. 


Hexagonal, pyramidal. In 
slender prisms. Sometimes 
in cavernous crystals and 


also in rounded barrel-shaped} 


forms. 


Characterized by its color and 
crystals. Compare mimetite, 
shove and pyromorphite, p. 413. 


Bauxite. 
Al,O(OH),. 


Vanadinite. 
Pb, (PbCl) (VO,)s. 
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’ NONMETALLIC 


II. Give a 
2. Cannot be scratched by the finger nail, 
b. Do not show a 


2. Infusible 
Cleavage and Spec. 
Color. Luster. Scicare a Hardness. Gray. 
Yellow, green, Vitreous, pearly. |F. Uneven. One 34 2.3 
white, brown. C., not prominent. 
Olive to blackish-|Greasy-, wax-like./F. Uneven. 3.5-5 2.6 
green, yellow-green, i 
white. 
Pale to deep green. |Dull to resinous. |F. Uneven. 34 2.2-2.8 


Some varieties of anglesite, p. 399, anhydrite, p. 397, and vivianite, p. 397, do not show 


3. Cannot be scratched by a cent 


brown, red. 


a. Show a 
Cleavage. Color. Luster. Hardness. He 
Tav. 
® CC, Pinacoidal.|Blue, usually Vitreous, pearly. 5-7 3.6 
§ darker at center of 
Ay crystal. At times 
g white, gray or 
5 green. 
a 
%& eC. Basal. Light blue, green,| Resinous. 4.5-5 $5 
S's gray, salmon to 
S ° cloye-brown. 
3 
q 
5 C. Pinacoidal.|White, yellow, Pearly, vitreous. 3.5-4 2.1-2.2 
i) 
i 
Ay 
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LUSTER. 
colorless streak. 


but can be scratched by a cent. 


prominent cleavage. 

in the candle flame. (Continued.) 

Crystallization and Name and 

Structure. Bemarks. Composition. 

' 

Usually in radiating heii }Charebtecinad by its structure. Wavellite. 

spherical, globular forms. (Al.0H)3(PO,)2 

5H,0. 

: 

Massive. Fibrous. \See p. 415. SERPENTINE. 
| H,Mg;Si,Og. 


Massive and amorphous, at| 
times as an incrustation with 
botryoidal or stalactitie sur- 
face; earthy. | 


A rare mineral. 
chiefly by its color. 


Characterized|Genthite 


(Garnierite). 
Nickel, magnesium 
silicate. 


a distinct cleavage and might be expected to be included in the above group. 


but can be scratched by a knife. 


prominent cleavage. 
Crystallization and 
Structure. Remarks. 
Triclinic. In bladed struc-|Characterized by its color and the 


ture with prominent cleavage} : 
plane. 


Commonly massive cleav- 
able. 


Monoclinic. Commonly in’ 
sheaf-like ge of crys- 
ae or in flat tabular crys- 
tals. 


fact that it can scratched by a 
|knife in a direction parallel to 
length of crystal but not in a direc- 
tion at right angles to this. 


Name and 
Composition. 


CYANITE. 
Al,SiO;. 


Rare species. Triphyllite is essen- 
tially LiFePO, and lithiophyllite 
LiMnPO,. 


‘Characterized by the grouping of 
lits crystals into a radiating sheaf- 
like aggregate and by the pearly 
luster of the cleavage face. 


hyllite- 
Liber 


hy lite. 
Li(Fe > Mn)PO,. 


STILBITE. 
H,(Ca,Naz)Al, 
(SiOs)e. 4H,0. 


NONMETALLIC 
II. Give a 


3. Cannot be scratched by a cent, 
a. Showa 
i Spec. 
Cleavage. Color. Luster. Hardness. psi 
C. Basal. Colorless, Pearly, vitreous. 4.5-5 2.3-2.4 
white, pale 
green, yellow, 
rose. 
C. Pinacoidal. — yellow, Pearly, vitreous. 3.54 2.2 
red. 
| 
o} 
& .C. Pinacoidal,' White, Vitreous. 4.5 2.4-2.5 
‘2 often not prom-|colorless. 
Ay <# inent 
ie Fs 
Og B=) 
AE 5 
oO 
ae 5 e 
« =C. Pinacoidal. Colorless, Vitreous. 44.5 2.4 
Fo & white. 
o2 o 
oa F 
ado. Pinacoidal,|8 Colorless, Vitreous to resi- 3.5 4.3 
4 seldom seen. > white. nous. 
& C. Pinacoidal.| Colorless, Vitreous, pearly. 5-5.5 2.8-2.9 
white, gray. 
C. Pinacoidal,|Colorless, Vitreous, pearly. 4.5-5 2.7-2.8 
also basal but) white, gray. 
seldom seen. 
C. _In two di-|Colorless, Vitreous. 5-5.5 2.2 
rections. white. 


C. Prismatic. 
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LUSTER. 
colorless streak. 


but can be scratched by a knife. 


prominent cleavage. 


(Continued.) 


Crystallization and 
Structure. 


Tetragonal. Bae prismatic 


combination of cube and oc- 
tahedron. 


Remarks. 


Pearly luster on basal plane (cleav- 
jage face), vitreous luster on other 
|faces. m faces usually verti- 
cally striated. A zeolite found 
lining cavities in igneous rocks. 


: 


Name and 


APOPHYLLITE, 
H, KCa,(SiOs)s 
43 H20. 


Monoclinic. Crystals sia! 


tabular parallel to cleavage 
plane (surface of pearly lus- 
ter). 


Monoclinic. 
ally like square prisms ter- 
minated by 4 pyramid faces, 
the latter faces striated. At 
times in cruciform penetra- 
tion twins. 


Monoclinic. In crystalline or 
granular crystalline masses. 


Crystals usu-) 


‘Pearly luster on cleavage face, 
elsewhere vitreous. A rare zeo- 
lite nent lining cavities in igneous 
rocks. 


Heulandite. 
Hy,(Ca,Na)sAly 
(Si0;)¢.3H,0. 


Characterized by its crystals, see 
\p. 267. A rare zeolite found lining 
cavities in igneous rocks. 


: 


Harmotone. 
(Ba, Ky )AlLSi,0,, 
5H,0. 


Decrepitates violently in the can- 
dle flame. A rare mineral. 


Usually massive with radi-|See p. 411. 


ating structure. 


Monoclinic. 


Colemanite. 
Ca,B,01;.5H.0. 


WITHERITE. 
BaCoO. 


able massive to fibrous.|stone. 


Also compact. Rarely in 


tabular crystals. 


Monoclinic. 


Commonly in|Characterized by 


its radiating 


close radi ting aggregates of|structure. A rare mineral. 


acicular crystals Fibrous 


massive. 


Orthorhombiec. 


Usually cleay-|Associated with crystalline lime-/WOLLASTONITE. 


CaSiO,. 


Pectolite. 
HNaCa,(SiOs)3. 


In slender|Characterized chiefly by its struc-/ NATROLITE. 


to acicular prismatic crystals|ture. A zeolite found lining cavi-| Na,Al(AlO) 
terminated by 4 low pyra-|ties in igneous rocks. 


mid faces. Prism faces ver- 
tically striated. Often in 
radiating groups. 


(SiO;)3.2H,0. 


TSS 
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NONMETALLIC 


Il. Give a 
3. Cannot be scratched by a cent, 
a. Showa 
ec. 
Cleavage. Color. Luster. Hardness. os 
C. Prismatic) White, green, Vitreous, pearly. 5-6 3.0-3.3 
making angles|black. 
of 55° and 135°,| 
san) 
E a 
iS £C. Prismatic|Gray, clove- Vitreous, pearly. 5-6 3.1 
‘8Smaking angles) brown, green. 
e Sof 54° and 126°. 
An 
ov 
BEC. Prismatic,|White, green, Vitreous. 5-6 3.1-3.5 
© orather poor at|black. 
8-2 go° angles. 
o 8 
ie 
&O 
ore) 
nm 
te 
3 
mM 
C. Prismatic} Rose-red, pink, _| Vitreous. 5-6 3.6 
with nearly 90°/brown. 
angles. 
Colorless, white | Vitreous. 3 2.7 
and variously 
tinted. 
In 3 directions Colorless, white, | Vitreous, pearly. 3.5-4 ove 


not at right an- 
gles to each 
other, giving 
rhombohe- 
drons. 


Cleavage in Three Directions. 


pink, ete. 


LUSTER. 


colorless streak. 
but can be scratched by a knife. 
prominent cleavage. (Continued.) 


Crystallization and 


Structure. Remarks. 


Name and 
Composition. 


Monoclinic. In —— pris} 
matic crystals,sho wing prom-| gray, violet; Actinolite, 
inent cleavage, giving fre- (Ca(Mg,Fe),SisOjs, green of various 
| ey Lelie grape ies; Amphibole or Horn 

Vhen terminated the crys- blende, CaMg;Si,O,. with Na,Al, 
tals usually show 2 low dome Si,O;, and Mg,AlL,Si,Oy», is green to 
faces. Sometimes fibrous, black. The group is characterized 
as orm. \chiefl iy. by its broad angle cleavage. 

ey in metamorphic rocks. 


|Tremolite, CaMg;Si,O,., is white, 


Essentially calcium, 
|magnesium metasil- 
icates. 


Orthorhombic. Lamellar 2 p. 419. 
fibrous. 


Monoclinic. Yn stout pris-| Diopside, CaMgSi.Og, is colorless, 
matic crystals with rectan-|white, pa’ : Pyroxene, 
gular cross-section. When Ca(Mz,Fe)Sis0,, light to dark 
terminated they usually|green; Augite, CaMgSi,O, with 
how more than 2 faces at MgAlSiO, and NaAlSi,O,, 
ds. Often in granular erys-| ‘greenish black to black. Charac- 
masses. |terized by the rectangular cross- 
section of its crystals and the rather 
/poor prismatic cleavage at right 
jangles. Shows at times a basal 
parting. Found in igneous rocks. 


8 is 


Triclinic. lhicenchantnnd by its color. 
cleavable to compact, 
embedded grains; in large 
rough crystals with rounded 
edges. 


Usually massive, 
in 


Rhombohedral. In granular! See p. 397. 


cleavage masses or cry: 
lized. 


Anthophyllite. 
(Mg,Fe) SiO,. 


|PYROXENE 
GROUP. 
Essentially calcium, 
magnesium metasil- 
cates. 


Rhodonite. 
MnSiO;. 


CALCITE. 
CaCO,. 


Rhombohedral. In fine- to Will not effervesce when a drop of 


DOLOMITE. 


coarse-grained ‘cleavable cold hydrochloric acid is placed CaMg(COs)>. 


masses. Often in strongly|upon it. Characterized by its 


curved rhombohedral erys-|rhombohedral cleavage, by its 
tals. rounded rhombohedral crystals 


and its frequently pink or flesh 
‘leolor. Pearly luster on curved 
crystal faces. Occurs in large 
masses as dolomite limestone and 
marble. Frequently associated 
with lead and zinc minerals, 


——EE Ee 
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NONMETALLIC 


II. Give a 
3. Cannot be scratched by a cent, 
a. Showa 
e 1 | Col Luster Hardness Spec. 
Cleavage. olor. 2 ~ | Grae 
White, yellow, Vitreous. 3.54 3.0-3.1 
gray, brown. 
Light to dark Vitreous, pearly. 3.5-4 3.8 
brown. 
| 
In 3 directions not |Pink, rose-red, _| Vitreous, pearly. 3.5-4.5 3.5-3.6 
at right angles to | dark red, brown. 
each other, giving 
rhombohedrons. 
Brown, green, Vitreous. 5 4.3 
blue, pink, white. 
White, yellow, Vitreous. 4-5 2.1 
flesh-red. 
In 3 directions at|Colorless, white,| Vitreous, pearly. 3-3.5 2.9 
right angles to each|blue, gray, red. 
other but with 
varying degrees of 
ease. 
In 3 directions giv-|Colorless, white,| Vitreous, pearly. 3-3.5 4.5 
ing tabular dia- blue, yellow, red. 
mond-shaped cleav- 
age blocks. 
C. Octahedral. Colorless, violet,| Vitreous. 4 3.1 
green, yellow, 
pink. Usually has 
a fine color. 
C. Perfect in 6 di-| Yellow, brown, Strongly resinous. 3.5-4 4.0 
rections, dodeca- |white. 
hedral. 
Dodecahedral C.,/White, gray, blue,|Greasy, vitreous. 5.5-6 2.1-2.3 


more or less dis- 
tinct. 


green. 


Note. — Apatite, p. 413, may show somewhat imperfect cleavage. 
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LUSTER. 


colorless streak. 
but can be scratched by a knife. 


_ prominent cleavage. (Continued.) 

} Crystallization and Name and 

, R . Ser 

| Structure. emarks Composition. 

Rhombohedral. In granu-|A rare mineral. Magnesite. 

. lar cleavable masses. MgCo,. 

_ Rhombohedral. In cleay-|After being heated in the candle|SIDERITE. 

_able masses or in small flame a fragment is attracted by a|FeCO;. 

: rhombohedral crystals. |magnet. 

Rhombohedral. In cleav- Characterized by its color, cleav-/ RHODOCH RO- 
able masses or in small age and softness. SITE. : 
rounded rhombohedral ecrys- MnCO3. 

tals. 

. 0 See See ee eee 

Rhombohedral. Usually in See p. 411. SMITHSONITE. 

_ botryoidal or honey-combed ZnCO3. 

_ masses. 5 

_ Rhombohedral. In smallA zeolite found lining cavities in};CHABAZITE. 
rhombohedral crystals with igneous rocks. (Ca,Na»)Aly 

_ nearly cubic angles. (Si03),6H,0. 

: Orthorhombic. In granular See p. 397. Anhydrite. 

_ cleavable masses. CaSO,. 
Orthorhombic. In tabular|See p. 399. BARITE, 
crystals and lamellar masses. Barytes 

(Heavy Spar). 
aSO,. 


Isometric. In cubic erystals,|Characterized by its crystals, color) FLUORITE. 

often in  interpenetrationjand cleavage. The bluish green|CaF. 

twins. variety shows fluorescence, i.e. ap- 
pears green by transmitted and 
blue by reflected light. 


Isometric, tetrahedral. In|Characterized by its color, luster'SPHALERITE. 
cleavable masses or smalljand cleavage. ZnS. 
ronnded crystals. 


Isometric. | Massive or in|Frequently blue in color. A rock-|Sodalite. 

embedded grains. making mineral, never associated Nay(AICI)Aly 
with quartz. Usually opaque to}(SiO,)3. 
translucent. 
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NONMETALLIC 
II. Give a 


3. Cannot be scratched by a cent, 
b. Do not show a 


410 


Cleavage and Spec. 
Color. Luster. Foactira: Hardness. Grav. 
S Colorless, Vitreous. F. Uneven. 5-5.5 2.9-3.0 
S pale green, 
E yellow. 
ia 
4 
& White, pale | Vitreous. F. Uneven. C. 4.5-5 3.4 
3 green, blue. prismatic, seldom 
seen. 
4 
n 
£ White, gray,|Vitreous to dull. |F. Uneven. C. 5-6 24 
3 z light green, prismatic, seldom 
§.2 darker green seen. 
6.2 or brown. 
ck 
ge 
Eg 
age Colorless or| Vitreous. F. Uneven. 3.5-4 2.9 
=f white. 
Pers 
2B 
on arta 
ke 
3S Colorless or|Vitreous. F. Uneven. 5-5.5 2.3 
28 white. 
nA 
i) 
$8 : 
“3° Colorless or} Vitreous to F. Uneven. 3.5 4.3 
white. resinous. 
te 
iS) 
2 = 
2 Colorless or|Vitreous, pearly. |Pinacoidal C., 4.5-5 2.7-2.8 
& white. may be obscure. 
5 
> 
3 Me 
5 Colorless or} Vitreous. Prismatic C., may 5-5.5 eo 
white. be obscure. 
_ Brown,green, | Vitreous. F. Uneven. 5 4.3 
g blue, pink, Rarely shows 
& white. rhombohedral C. 
g 
~Q 
> 
ES Gray, brown |Resinous, ada- [|F. Uneven. Pris- 5-5.5 34-3.5 
‘5 green, yel- mantine, matic C., seldom 
low. prominent. 


ns 


LUSTER. 


colorless streak. 
but can be scratched by a knife. 


prominent cleavage. 

Crystallization and Name and 
Structure. Remarks. Composition. 

Monoclinic. Usually in crys- Characterized by its luster and) DATOLITE. 


tals developed with nearly crystals. Usually transparent. 
equal dimensions in all di- Occurs with the zeolites, lining cav- 
rections and many faces. ities in igneous rocks. 


Ca(B.OH)SiO,. 


Orthorhombic. Often in ra- Characterized by its structure. 
diating crystal groups. Also Pyroelectric. 
stalactitic, mammillary. : 


Tetragonal. In prismatic/Often altered. 
crystals, granular or mas- 
sive. 


Orthorhombic. Frequently|Effervesces in cold acids. Falls 
in vs groups of acicular|to powder in candle flame. 
crystals. 


Characterized by its crystals and 
its glassy luster. A zeolite found 
lining cavities in igneous rocks. 


Isometric. In crystals, usu- 
ally trapezohedrons. 


CALAMINE, 
(Zn.OH).SiO3. 


SCAPOLITE. 
CayAlgSigQi5 with 
Na,Al,8i,03,Cl. 


ARAGONITE. 
CaCO,. 


ANALCITE. 
NaA1(SiO;).H.O. 


Orthorhombic. Often in|Heavy. Whena fragment is placed 
masses with radiating struc-|in cold hydrochloric acid there is a 
ture; granular; rarely in hex-|brisk effervescence for a moment 
agonal pyramidal crystals. j|and then the action ceases. 


WITHERITE. 
BaCO;. 


In radiating acicular crys-|See p. 405. 
tals. 


Radiating prismatic. See p. 405. 


Rhombohedral. In rounded|/Harder than most carbonates. A 
botryoidal forms. Often in|fragment effervesces when placed 
honey-combed masses.|in cold hydrochloric acid. 


Monoclinic. In thin crystals|Characterized by its crystals. 


Pectolite. 
HNaCa.(SiOs)3. 


Natrolite. 
Na Al(AlO) 
(SiOg)3.2H,O. 


SMITHSONITE. 
ZnCO3;. 


TITANITE 


(Sphene). 
CaTiSiO;. 


NONMETALLIC 


Ave 


Give a 


3. Cannot be scratched by a cent, 
tb. Do not show a 


| : 
Cleavage and Spec. 
Color. Luster. Peachurel Hardness. Geant 
Yellowish to|Resinous, vitre- |F. Uneven. Pris- 4-5 5.0 
- reddish ous. matic C., seldom 
— brown. prominent. 
° 
2 
:2 Yellowish to| Resinous. F. Uneven. §-5.5 5.2-5.3 
ES reddish 
S E brown. 
a 
ne 
. 2 White, yel- | Vitreous, ada- F. Uneven. 45-5 6.0 
oc low, green, |mantine. 
33 brown. 
ae 
aa 
3 Usually a Vitreous to ada-|F. Uneven. 45-5 6.0 
Lo} 5 brilliant mantine. 
Po & shade of yel- 
~ lowororange. 
B > Alsored, 
33 gray, green. 
O's 
ca) 2 —_s 
2S Colorless, Resinous. F. Uneven. 3.5 7.0-7.2 
§ 3 yellow, or- 
5 & ange, brown. 
& 
3 
3 
~ Yellow, Dull, earthy. F. Uneven. 3 2.5 
brown, gray, 
white. 
White, green, | Vitreous. F, Uneven. 5-6 3.1-3.5 
lack. Rather poor pris- 
matic C., at 90° 
angles. 
d 
° 
t Green, blue, | Vitreous, greasy. |F. Uneven. 5 3.1 
p Violet, brown, 
g colorless, 
n 
p 
Green, Resinous. F. Uneven. 3.5-4 6.5-7.1 
brown, 
yellow, gray. 
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LUSTER. 
colorless streak. 


but can be scratched by a knife. 


prominent cleavage. (Continued.) 

Crystallization and Name and 
Remarks. ae 

Structure. ks Composition. 

Tetragonal. In prismatic or/A rare mineral. Heavy. Xenotime. 

Pyramidal! crystals. In PO. 

rolled grains. 

Monoclinic. In small erys-A rare mineral. Heavy. MONAZITE. 

tals or as rolled grains. - (Ce,La, Di)PO, 


Tetragonal. In octahedral-|A rare mineral. Heavy. 


like crystals. Massive, 
granular. 


often with ThSiO,. 


Scheelite. 
CaWO,. 


Tetragonal. Usually in very Characterized by its crystals and bear pe ye 


thin square tabular crystals. color. 


Less frequently octahedral 
in habit. Also granular 
massive. 


Heavy. 


Hexagonal. In small pris-\A rare mineral. Heavy. 
Prism faces/slowly in candle flame. 


matic crystals. 
often curved, giving barrel] 
shapes. In granular masses.| 


See p. 401. 


Monoclinic. 


tangular crystals with rec- 
tangular cross-section. 


In stout rec-|See p. 407. 


MoO,. 


Fuses 


Mimetite. 
Pb, (PbCl) (AsO,);. 


Bauxite. 
Al,O(OH),. 


PYROXENE 
GROUP. 
Essentially calcium 
and magnesium sili- 
cates. 


Hexagonal. 
crystals, often large, usually 
with prominent pyramid 
planes. Also massive. 


In prismatic|Characterized by its crystals. 


Hexagonal. 


tals. Often in rounded barrel-|ture and color. 


shaped forms. Crystals at 
times. cavernous. Often 
globular and botryoidal. 


APATITE. 
Cay (CaF) (PO,)s. 


In small crys-|Characterized chiefly by its struc-|/PY ROMOR- 
Heavy. 


PHITE. 
Pb,(PbCl)(PO,)s. 


a 
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NONMETALLIC 


Il. 


Give a 


3. Cannot be scratched by a cent, 
b. Do not show a 


Cleavage and Spec. 
Color. Luster. Wractare. Hardness. Grav. 
Yellow, Vitreous, pearly. |F. Uneven. One) 34 23 
. green, white, C., not prominent. | 
2 brown. | 
° 
3 
& Olive to Greasy, waxlike. F. Uneven. 3.5-5 2.6 
‘g blackish 
= green, yellow- 
$ green, white. 
Ree! 
Fe 
2 2 
:2 Yellow-green,| Vitreous. F. Uneven. May 5.5 4.0-4.1 
> & white, color- show fairly good 
3S less, blue, Cc. 
5” gray, brown. 
n 
ps 
§ 
2 White, gray,|Greasy, vitreous. |F. Conchoidal. 5.5-6 2.1-2.3 
+ blue, green. Dodecahedral C., 
I seldom seen. 
2 
® Deep azure- | Vitreous. F. Uneven. 5-5.5 2.4 
8 blue, green- 
ish blue. 
NONMETALLIC 
II. Give a 
4. Cannot be scratched by a knife, 
a. Show a 
Cleavage. Color. Luster. Hardness. | SPec: 
Grav. 
o C. Basal. White to pale |Vitreous to greasy. 6 3.0 
s ‘green or blue. 
s | 
3 | 
@ ee Pinacoidal. Colorless, white, | Vitreous, pearly. 5-5.5 2.8-2.9 
On \eray. | 
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- LUSTER. 


colorless streak. 
but can be scratched by a knife. 


prominent cleavage. (Continued.) 
Crystallization and eitinricn Name and 
Structure. | Composition. 
; 
Usually in radiating hemi- Characterized by its structure. Wavellite. 
spherical, globular forms. | (Al.OH)3(PO,)o 
5H,0O. 
Massive. Fibrous in the as-Characterized by its massive SERPENTINE. 
bestos variety. structure, nated | green color and H,Mg;Si.O,. 
‘frequently by the presence of veins 
of finely fibrous material, known as 
chrysotile or asbestos. 
Massive and in disseminated See p. 423. WILLEMITE. 
grains. Zn SiOy. 
Troostite. 
(Zn,Mn)SiO,. 


Massive or in embedded|See p. 409. 
grains. 


Usually massive. Characterized by its color. 


Sodalite. 
Na, (AICI) Al 
(Si04)s. 


Lazurite 
(Lapis-Lazuli). 
(Nae,Ca)o(Al. NaS) 
Alg(SiO4);. 


LUSTER. 


colorless streak. 
but can be scratched by quartz. 
prominent cleavage. 


>a Tr l d 
Crystallization and Name an 
Structure. | Remarks. Composition. 
le to Mi e mineral. Usually found) Amblygonite. 
sarge sabia z ree ‘with lepidlite, tourmaline, ete. {Li (ALF) PO,. 
Usually cleavable massive See p. 405. WOLLASTONITE. 
to fibrous. . CaSiO3. 
—————————————— ne 
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NONMETALLIC 
II. Givea 


4. Cannot be scratched by a knife, 


a. Show a prominent 


Cleavage in one plane only. See also hypersthene and willemite below. 


Cleavage in two planes. 


Cleavage. Color. Luster. Hardness. nani 

C. Pinacoidal.|White, gray, pale| Pearly, vitreous. 6.5-7 3.4 
lavender, yellow- 
ish, greenish. 

C. Pinacoidal.|Grayish white, |Vitreous, pearly. 6-6.5 3.3 
green, pink. 

C. Pinacoidai.|Hair-brown, gray,| Vitreous. 6-7 $2 
grayish green. 

C. Basal. Yellowish to Vitreous. 6-7 3.4 
blackish green to 
gray. 

C. Pinacoidal.|Blue, usually Vitreous, pearly. 5-7 3.6 
darker at center of 
crystal. At times 
gray or green. 

Cleavage in |Colorless, white. | Vitreous. 5-5.5 22 

two directions, 

C. Prismatic. 

€. Basal and/Colorless, white,| Vitreous, pearly. 6 2.6 

pinacoidal gray, cream, red, 

making a 90°/green, 


angle. 
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_ ly 


LUSTER. 


colorless streak. 
but can be scratched by quartz. 
cleavage. (Continued.) 


Crystallization and Name and 
Structure. Remarks. Composition. 
aggre gg In thin sy Pearly luster on cleavage face, else-|Diaspore. 


or scales.|where vitreous. Often associated|AIO(OH). 


Bladed or foliated structure.|with corundum, chlorite, marga- 
Tite, etc. 


Orthorhombic. In prismatic Pearly luster on cleavage face, else- 


Zoisite. 
deeply striated ver- where vitreous. Ca,(Al.OH)Aly 


crystals, , 
tically and seldom distinctly 
terminated. Also massive, 
columnar to compact. 


10 5)3. 


Orthorhombie. Commonly|In schistose rocks. Sillimanite 
in long slender unterminated) (Fibrolite), 
“oon Often in close par- Al,Si0,. 

allel groups. Fibrous, co- 

Jumnar. 


Monoclinic. In slender sein emaclenland by its olive-green EPIDOTE. 
matic crystals, striated par-|color. When transparent shows di- ia (Al.OH) 


allel to length of erystal. chroism; i.e., in transmitted light 
Also fibrous, granular. appears green in one position and 
brown in another. In metamorphic 
recks; often in crystalline lime- 


Fe)2(SiO4)s. 


stones. 
Bladed. See p. 403. CYANITE. 
Al,SiO,. 
Radiating prismatic. Seo p. 405. NATROLITE. 
~ ? inaae ates . Na, Al(AlO) 
(SiO,)3.2H,0. 


Monoclinic. In cleavable Orthoclase is monoclinic while mi-|ORTHOCLASE, 


masses or in irregular grains 

as a rock constituent. May|they can only be told apart by a 

be in crystals, see Figs. 269-|microscopic examination. The 

271, p. 221. green amazon stone is usually mi- 
crocline. Characterized by its 2 
cleavage planes at righ angles; the 
basal cleavage is the better. 
Found as a prominent constituent 
of granite rocks and pegmatite 
veins, associated with quartz and 
mica. 


crocline is triclinic. Ordinarily |Microcline 


(Potash Feldspar). 
KAISi,O.. 


aoe OIE EEE 


417 


NONMETALLIC 


te 


Give a 


4, Cannot be scratched by a knife, 


a. 


Show a prominent 


Cleavage. 


Color. 


Luster. 


Hardness. 


Spec. 
Grav. 


C. Basal per- 
fect. C. Pina- 
coidal not so 
distinct. The 
two make an- 
gles with each 
other varying 
from 85° 50’ to 
86° 24°. 


C. Prismatic. 


Colorless, white, 
gray, greenish, 

bluish, reddish. 
Often exhibit a 


color on the cleay- 
age surfaces. 


White, gray, pink, 
emerald-green 


beautiful play of 


Vitreous, pearly. 


2.6-2.7 


Vitreous. 


6.5 


3.2 


C. Prismatic 
making angles 
of 55° and 125°. 


Cleavage in two planes. 


C. Prismatic. 
Perfect at an- 
gles of 54° and 
126°. 


black. 


Gray, clove- 
brown, green. 


White to green to 


Vitreous, pearly. 


5-6 


3.0-3.3 


Vitreous, pearly. 


5.5-6 


C. Prismatic. 
Not very per- 
fect at angles 
nearly 90°. 


C. Prismatic. 
Rather poor at 
90° angles, 


ish black, 


black. 


Greenish to brown-| Vitreous. 


White to green to! Vitreous. 
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6-6.5 


3.1-3.5 


LUSTER. 

colorless streak. 

but can be scratched by quartz. 
cleavage. (Continued.) 


Crystallization and ) Name and 
Structure. | Remarks. Composition. 


Triclinic. In cleavable Albite = NaAISi,O,; Oligoclase =|THE 

masses or in irregular grains 3 NaA1Si,0, 1CaA lSisOs; Andesine PLAGIOCLASE 

as a rock constituent. Al- = 1NaAISi,O, 1CaAl,Si,O,; Lab-|FELDSPARS. 

bite may be in thin tabular radorite =1NaAISi,0,3CaA LSi,0,; Combinations in 
crystals or with a curved Anorthite = CaA]I,Si,O;. Charac-|varying amounts of 
lamellar structure. |terized b, a perfect basal cleavage) NaAISi;O;, the Al- 
jand a pinacoidal cleavage not so|bite molecule, and of 
distinct; the two making an angle|CaA1,Si,O,, the An- 
with each other of nearly 90°./orthite molecule. 
Often on the best cleavage surface 
will be seen a series of fine parallel 
striation lines due to intimate 
twining. Often they show a fine 
play of colors on cleavage surfaces, 
pale blue in albite and oligoclase; 
bright blue, green, gold, etc., in an- 
desite and labradorite. Rock con- 
stituents; albite and oligoclase in 
the light colored granitic rocks; the 
lothers in the darker colored, more 
basic igneous rocks. 


Monoclinic. In flattene d Lilac to pink called kunzite. Green|SPODUMENE. 
i i tals, vertically |is called hiddenite. Often alters to|(Li,Na)AI(SiOz),. _ 


prismatic crys . 
striated; sometimes very other minerals with a dull gray 
large. Also massive, cleav-color. Not common. 
able. 

inic. is-| See p. 407. AMPHIBOLE 
Monoclinic. In slender pris- Pp TAN 


matic erystals, showing 
prominent cleavage. 


ic. Co ly|Characterized by its cleavage an-|Anthophyllite. 
Geet tr ion pastas gle. Sometimes fibrous (asbesti-|(Mg,Fe)SiO;. 


fibers often very slender. form. Not common. An ortho- 
Also in aggregates of prisms.|rhombic amphibole. 
Distinct crystals rare. 


Monoclinic. Long prismatic|A rare mineral. Acmite 
crystals. i iated. (Aigirite). 
Acute Fathers ge oma NaFe(SiOs). 
teristic. Also in groups of 

acicular crystals. Fibrous. 


Monoclinic. In stout pris-|See p. 407. [te tak 
matic erystals with rectan- . 
gular cross-section. 
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NONMETALLIC 


II. Give a 
4, Cannot be scratched by a knife, 


a. Show a prominent 
Spec. 
Cleavage. Color. Luster. Hardness. Grav. 
3 Enstatite has|Gray-brown, Pearly, bronze- 5.5-6.5 3.2-3.3 
& fair prismatic|green, bronze- like. 
 C., at 90°. brown, black. 
co Hypersthene 
— has perfect 
§  pinacoidal C. 
© 
oo 
E C. Prismatic} Rose-red, pink, | Vitreous. 5-6 3.6 
2 atnearly 90°. |brown. 
1S) 
C. Basal and|Yellow, brown,|Adamantine. 5.5-6 3.8-3.9 
pyramidal. blue, black. 

Dodecahedral |White, gray, blue,|Greasy, vitreous. 5.5-6 2.1-2.3 
C., seldom  |green. 
seen. 

b. Do not show a 
Cleavage and Spec. 
r. . . 

Colo: Luster Practare. Hardness Grav: 
Colorless or | Vitreous. F. Uneven. 5-5.5 2.3 
white. 

: 
2Gray, white. | Vitreous to dull. |F. Uneven. 5.5-6 2:5 
gs colorless. 
538 
os 
Be 
Bs ay 
g § Colorless, pale | Vitreous. F. Uneven. 5-5.5 2.9-3.0 
ay green, yellow. 
88 
3 fe) 
peColorless, Vitreous. F. Uneven. 7 3.0 
a" white, to pale 
“3B yellow. 
3 
oO g ee 
White, ie » | Vitreous to dull. |F. Uneven. Pris- 5-6 Ber : 
light te dar matic C., seldom 
green, brown, seen. 
| 1 
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LUSTER. 


colorless streak. 
but can be scratched by quartz. 


cleavage. (Continued.) 
- 
Crystallization and Nam d 
Remarks. ©. an 
Structure. ks Composition. 
Orthorhombic. Crystals! Enstatite is light colored; with in--ENSTATITE 
usually prismatie but rare. crease of iron, bronziv2, is olive-|(Bronzite). 
Commonly massive, fibrous green to brown, often with bronze- MgSiO3. 
or lamellar. like reflections; hypersthene, rich| Hypersthene. 
in iron, is ‘k green to almost/(Fe,Mg)SiO3. 
ee An orthorhombic pyroxene. 
; 
Triclinic. Usually massive, See p. 407. RHODONITE. 
cleavable to compact. | MnSiO,. 
a . In pyramidal A rare mineral. Octahedrite 
ery At times tabular (Anatase). 
with promin- nt basal plane. iOr. 


A rock-making| Soda) 


Isometric Massive or in Frequently blue. 
embedded grains. Rarely in'mineral, never associated with Na (AIC) Al 
dodecahedral crystals. |avarts. Opaque to translucent. AP 
prominent cleavage. 
Crystallization and Name and 
Structure. Remarks. Composition. 
In trapezohedrons. \See p. 411. ANALCITE. . 
NaAI(SiO;).H,O. 
| 
Isometric. In trapezohe- Characterized by its crystals. LEUCITE. 
drons. Usually gray in color and with a| KAI(SiO,)s. 
‘dull luster. Translucent to opaque. 
Found as phenocrysts in basic 
igneous rocks, never with quartz. 
} 
| P 
inic. Usuall ISee . 411. DATOLITE. 
"se oe gam moo a . Ca(BOH)SiO,. 
I- 
Orthorhombic. In prismatic See p. 429. Danburite. 
acvatals, CaBz(SiO,)s. 
| 
‘Tetragonal. Prismati Often altered. Opaque to translu-/ SCAPOLITE. 
tals granular or eatery cent. pet aon with 
F NaAl,SigOyCl. 
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NONMETALLIC 


II. Give a 


4. Cannot be scratched by a knife, 


b. Do not show a 


Cleavage and Spec. 
Color. Luster. Wracture: Hardness. Geav- 
Colorless, Greasy, vitreous. |F. Uneven. Pris- 5.5-6 2.6 
gray, greenish, matic C., seldom 
reddish. seen. 
Apple-green, | Vitreous. F. Uneven. 6-6.5 2.9 
gray, white. 
aS 
a 
a 
£ . = 
F Yellow- __| Vitreous. F. Uneven. May 5.5 4-4.1 
d= green, white, show fairly good 
or colorless, Cc. 
te blue, gray, 
S brown. 
re 
33 
os Olive to Vitreous. F. Uneven. C., 6.5-7 3:3 
— 5 grayish- rarely seen. 
a5 green, brown. 
a8 
eq 
‘3™ Green, Vitreous. F, Uneven. ier ie 3-3.1 
3 & brown, blue, : 
© red, pink, 
= ~white, black. 
& 
2 
2 a 
x Green, Vitreous, resinous.|F. Uneven. 6.5 3.4 
7 brown, yel- x 
low, blue, 
red. 
White to Vitreous, F. Uneven. 5-6 3.1-3.4 
green to Rather poor pris- , ; 
black, matic C., at 90° 
angles, 
Clove-brown, gray,| Vitreous, RF, Conchoidal. 6.5-7 3.3 
green, yellow. Pinacoidal C., not ; 
| prominent. 
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LUSTER. 

colorless streak. 

but can be scratched by quartz. 
prominent cleavage. (Continued.) 


Crystallization and 
Structure. 


Remarks. 


Name and 
Composition. 


Hexagonal. Usually mas- 


: : : |A rock-making mineral. Com- 
sive. Rarely in small prisms. 


monly found in igneous rocks which 
do not contain quartz. Usually 

vet agg to translucent with a greasy 
uster. 


NEPHELITE. 
NaAlSiO,. 


Characterized by its structure and 


Orthorhombie. Reniform, 
pale green color. Translucent. 


globular and stalactitic with 


PHRENITE. 
H.Ca,Al,(SiO,)s. 


crystalline surface. In 
of tabularcrystals, often bar- 
rel-shaped. Distinct crys- 
tals rare. 
Massive and in disseminated Characterized by its color andjWILLEMITE. 
grains. Rarely in hexagonal|granular structure. Associated at|Zn2SiO, 
prismatic crystals. ranklin with red zincite and black|Troostite. 
franklinite. Troostite is brown or|(Zn,Mn) SiO,. 
gray in color. 
Orthorhombic. Usually Characterized usually by its green| CHRYSOLITE 
granular either in masses or|color, glassy luster and granular] (Olivine, Peridot). 
disseminated. aeaie. Occurs in basic igneous} (Mg,Fe) SiO,. 
rocks. 
exagonal, rhombohedral. See p. 431. TOURMALINE. 
Usually in slender prismatic A complex boron sil- 
crystals. icate containing 
chiefly Al, Fe, Mg, 
Mn, alkalies, F and 
OH. 


Tetragonal. In square pris-| Usually green or brown in color. 
matic crystals terminated|Transparent to translucent. Often 
usually by base and pyramid.|occurs in crystalline limestones. 
Often columnar. Granular 

massive. 


Monoclinic. In stout pris-/See p 407. 
matic crystals with rectan- 
gular cross-section. 


Triclinic. 
acute edges, wedge-shaped.|Transparent to translucent. 
SS lamell# often|common. 

curv 


Not 


Crystals with|Characterized by its crystal habit.|A 


VESUVIANITE 
(Idocrase) 
Ca,(Al(OH,F)) 
(Al, Fe)2(SiO,)5. 


PYROXENE 
GROUP. 


xinite. 
Ca, Al,Be(SiO,)s. 


——— ne 
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NONMETALLIC 


II. Give a 
4. Cannot be scratched by a knife, 


b. Do not show a 


Cleavage and Spec. 
Color. Luster. enieture. Hardness. Grav: 
Red-brown to |Resinous, vitreous. F. Uneven. 7-7.5 3.8 
brownish dull when altered. 
black. 
Reddish Vitreous, dull |F. Uneven. C. 7.5 3.2 
brown, flesh- |when altered. jseldom prominent.|Softer when al- 
red, olive- tered. 
green. 
Brown, gray,|Resinous,adaman-|F. Uneven. Pris- 5-5.5 3.4-3.5 
green, yellow. |tine. matic C. seldom 
Z prominent. 
2 
* Yellowish to|Resinous. \F. Uneven. 5-5.5 5.2-5.3 
‘6 reddish brown. 
n 
® 
3 
# Brown to Adamantine. F. Uneven. 6-7 6.8-7.1 
» black. 
3 
Ro) 
é 
> Reddish Adamantine. F. Uneven. C. 6-6.5 4.2 
e brown to black. not prominent. 
© 
| 
12) 
Hair-brown to|Adamantine. F. Uneven. 6. 4.0 
black. 
Brown to pitch-| Pitchy or resinous.|F. Uneven to con- 5.5-6 3.5-4.2 
black. choidal. 
Blue, rarely Vitreous. F. Conchoidal. 7-7.5 2.6 
colorless. C. Pinacoidal not 
prominent, 
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_ LUSTER. 


colorless streak. 
but can be scratched by quartz. 


prominent cleavage. (Continued.) 
_ Crystallization and Name and 
Structure. Remarks. Composition. 
Orthorhombic. In _pris- See p. 433. STAUROLITE. 
matic crystals. (AlO),(Al.OH) 
Fe(SiOy)s. 
‘See p. 431. Andalusite 
(Chiastolite). 
Al,SiO;. 
: 
Monoclinic. Wedge-shaped See p. 411. TITANITE 
crystals. (Sphene). 
CaTiSiO,. 
Monoclinic. Granular. |A rare mineral. Heavy. MONAZITE. 
! (Ce, La, Di)PO, 


often with ThSiO,. 


CASSITERITE. 
(Tin Stone) SnO,. 


In irregular masses; in rolled See p. 431. 
grains. 
5 
Tetragonal. In prismatic Usually gives a light brown streak. 


crystals vertically striated; Usually opaque to translucent. 
often slender acicular. Crys- 


tals frequently twinned. 


Orthorhombic. Only inlA rare mineral. 
crystals. Habit varied; tab- 
ular; prismatic; resembling 
hexagonal pyramids, etc. 


Monoclinic. Massive and in A rare mineral. 


embedded grains. Crystals 
often tabular. 


RUTILE, 
TiO. 


Brookite. 
TiO. 


Allanite. 
R,"’(R.OH)R,!” 
(Si0,4)s3. 

R’’=Ca and Fe. 
R” =Al,Fe,Ce,La 
Di. 


Orthorhombic. In em-|Transparent to translucent. Most 
bedded grains; also massive,|commonly found altered with foli- 


Tolite 
(Cordierite). 
H,(Mg,Fe), 


compact. In six-sided pris-jated structure, a grayish green 
matic crystals. leolor, and softer than a knife. 


A 1819037. 
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NONMETALLIC 


II. Give a 


4. Cannot be scratched by a knife, 


b. Do not show a 


Cleavage and Spec. 
Color. Luster. Sracture: Hardness. Graal 
Deep azure- __ | Vitreous. F. Uneven. 5-5.5 3.0-3.1 
blue, greenish 
blue. 
% Azure-blue. Vitreous. F. Uneven. 5-5.5 2.4 
) 
Blue, green, Greasy, vitreous. |F. Conchoidal. 5.5-6 2.1-2.3 
white, gray. Dodecahedral C. 
seldom seen. 


Pink to red. See tourmali 


ne, p. 423. 


Black. The following minerals may be almost or quite black; cassiterite, 


NONMETALLIC 
II. Give a 
5. Cannot be scratched 
a. Showa 
Cleavage Color. Luster. Hardness. Spec. 
Gray. 
Perfect basal C. Colorless, yellow,| Vitreous. 8 3.5 
pink, bluish, green- 
ish. 
C. Pinacoidal. Hair-brown, gray,| Vitreous. 6-7 3.2 
grayish green, 
C. Prismatic. White, gray, pink,| Vitreous. 6.5-7 See 
emerald-green. 
C. Octahedral. Colorless, yellow,  Adamantine. 10 3.5 
red, blue, gray, 
black. 


1 


See also corundum, p, 429, which may show a parting resembling cleavage. 
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f] 


LUSTER. 


colorless streak. 
but can be scratched by quartz. 


prominent cleavage. (Continued.) 

Crystallization and. Name and 
Structure. Remarks. Composition. 

Usually massive. Characterized by its color. Lazurite 


(Lapis-Lazuli). 
a nae NaS) 
1,(SiO4)s. 


) 
| 
| 


ta in pyramidal crys- A rare mineral. Characterized by|Lazulite. 
itscolor. Told from lazurite by its|(Mg,Fe)(Al.OH), 
crystals. Opaque. (PO,4)o. 
Massive. \See p. 421. SODALITE. 
Nay(AICl) Al 


rutile, brookite, allanite, p. 425; pyroxene and tourmaline, p. 423. 


LUSTER. 
colorless streak. 
by quartz. 
prominent cleavage. 
; 
Crystallization and Name and 
Structure. Structure. Remarks. Composition. 
Orthorhombic. In ee |Characterized by its crystals, hard-| TOPAZ. 
ted b by — ness and cleavage. (ALF ).SiO, 


crystals, termina’ 
pyramids and domes. 
coarse to fine granular. 


(OH) iso. with F. 


Orthorhombic. Commonly See p. 417. Sillimanite 
in long slender crystals. (Fibrolite). 
AlSiOs. 
inic. See p. 419. SPODUMENE. 
emcee . (Li, Na) A1(SiOsz)>. 
Tsometric. In octahedral Characterized by its extreme hard-| Diamond. 
crystals, faces usually rough/ness. Rare. 


In irregular 


and curved. 
rounded pieces. 
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NONMETALLIC 
II. Give a 


5. Cannot be scratched 
b. Do not show a 


| - 
Cleavage and Spec. 
Color. Luster. Fracture: Hardness. | Gray. 
Colorless, Vitreous, greasy. |F. Conchoidal 7 2.6 
white, 
smoky, ame- 
thyst. Vari- 
ously colored 
when impure. 
$0 
‘ds 
Eee 
= 
©¢ Colorless, _ | Vitreous. F. Uneven. 7 3.0 
“3 white to pale 
oe yellow. 
eo 
83 
ees 
ge White, color-| Vitreous. F. Conchoidal. 7.5-8 2.9 
oO less. 
White, gray,;Adamantine to |F. Uneven. 9 4.0 
blue, yellow,| vitreous. 
brown, green, 
pink, red. 
Lavender, Vitreous. F. Conchoidal. 8 3.5-3.8 
blue, green, 
brown, red, 
: black. 
i] 
e L 
vq Bluish green, | Vitreous. F. Conchoidal, 7-7.5 2.8 
4% green, yellow, uneven. 
opink, colorless. 
2 
a 
2 
bm 
i=] 
x) 
8 
Yellowish to | Vitreous. F. Conchoidal, 8.5 3.6-3.8 
emerald- uneven. C. not 
green. prominent, 
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LUSTER. 
colorless streak. 
by quartz. 

_ prominent cleavage. 


Crystallization and Name and 
Structure. Remarks. Composition. 


Rhombohedral, trapezohe-/Characterized by its crystals; its] /QUARTZ. 
dral. Massive; in| conchoidal fracture and vitreous! SiO». 
embedded grains; as pebbles, |luster. For description of varieties 
sand. Crystals usually show see pp. 175-177. Transparent to 
hexagonal! prism terminated|translucent. Most common min- 
by what appears to be a hex-/eral. 

pyramid. Prism 


Orthorhombic. In prismatic)Characterized by its crystals.|Danburite. 
crystals, resembling those of} Distinguished from topaz by its CaB,(SiO,)>. 
topaz. Also disseminated injlack of cleavage. Transparent to 
indistinct crystals and irreg-|translucent. A rare mineral. 


ular masses. 
Rhombohedral. In smalljA rare mineral. Phenacite. 
rhombohedral crystals. Be,SiO,. 


poe. thombohedral.|Characterized by its extreme hard--CORUNDUM. 
masses sho jness. Ruby=red; sapphire=blue;| Al,O3. 

~ times an almost cubic various other colors. Emery is im-| 

structure owing toa rhombo- pure corundum usually with magne- 

hedral . In rude tite. May show rhombohedral 


parting 
prisms, often barrel-shaped. |parting with nearly 90° angles. 


Isometric. In octahedrons; Characterized 4 its crystals and' SPINEL. 
sometimes twinned. ood hardness. uby spinel when MgA1,0,. 


Hexagonal. Usually in pris-|Often shows a mottling of color due/BERYL. | 
matic crystals with basal|to alternation of transparent and|Be,A1,(SiO,),4 H,0. 
lane; pyramid faces rare.|opaque spots. Crystals very char- 
Resetinece deeply furrowed/jacteristic. Most common color = 
vertically. Crystals at times| blue-green, known as aqua-marine; 
large. Also irregular, mas-|also deep green as emerald; yellow 
“sive. as golden beryl]; pink as morganite. 
Found in pegmatite veins. 


Orthorhombic. In tabular|A rare mineral. Characterized by Sytbearath 


crystals which are frequently its hardness. Alexandrite). 
eee giving hexagonal BeA1,0,. 
shapes. 
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NONMETALLIC 


Il. Givea 
5. Cannot be scratched 
b. Do not show a 


Cleavage and Waitinaut Spec. 


Color. Luster. Fracture. Grav. 
Green, Vitreous. F. Uneven. 7-7.5 3.0-3.1 
brown, blue, 

es red, pink, 
& white, black. 
roy 
Ne 
[>] 
S 
a 
op 
ag 
3.5 
HS ‘ ‘ 
¢ Green, gray,| Vitreous. F. Splintery. C., 7: 3.3 
Se white. prismatic at 
3-8 nearly 90° angles, 
3 not prominent. 
Bate) 
i 
= Olive to gray| Vitreous. F. Uneven. C. 6.5-7 tS) 
oe ish green, rarely seen. 
a brown. 
as 
On 
= Green, Vitreous, resinous.|F, Uneven. * 6.5 3.4 
3 brown, yel- 
§ low, blue, 
o Ted. 
a 
3 
oO 
wm Dark green. | Vitreous. F. Conchoidal, 7.5-8 4.5 
uneven. 

Reddish brown|Adamantine. F. Uneven. C, 6-7 6.8-7.1 

to biack. not prominent. 

E 

=) 

a 

b = 

3 

‘Reddish Vitreous, dull F.Uneven. C. 7.5 3.2 
© brown, flesh- |when altered. seldom prominent. 

red, olive- 


green. 
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LUSTER. 
colorless streak. 
by quartz. 
prominent cleavage. 


Crystallization and ) 
Structure. 


(Continued.) 


Remarks. 


Rhombohedral. | Usually in Widely various in color. Most com- 
slender prismatic crystals, | monly black. Of the lighter colors 
cg vertically. Cross-|zreen is most frequent. Character- 

jon usually resembles alized by its crystal structure. 
spherical triangle. When Crystals exhibit pyro-electricity; 
termina usually shows i.e., after being heated they will 
base and rhombohedrons. attract and hold small pieces of tis- 
Often in slender radiating|sue paper, etc., A candle flame may 
crystals. be . Found in pegmatite veins 

and metamorphic rocks, 


Name and 
Composition. 


TOURMALINE. 

A complex boron sil- 
icate containing 
chiefly Al,Fe,Mg, 
Mn, alkalies F and 
(OH). 


Always massive, usually Translucent. A rare mineral. Jadeite 
closely compact. (Jade). 
NaAlSisOg. 
Orthorhombie. Usually See p. 423. CHRYSOLITE 
granular. ; (Olivine, Peridot). 
| (Mg,Fe),SiOg. 
Tetragonal. See p. 423. Vesuvianite 
(Idocrase). 
Cay(Al(OH,F)) 
(Al, Fe)s(SiO,4)s. 
Isometric. Usually in octa-\Characterized by its erystals and|/Gahnite 
hedrons. Sometimes hardness. A variety of spinel; see) (Zinc Spinel). 
twinned. p. 429. ZnAleOy. 
Tetragonal. In irregular|Very heavy. Usually opaque to|CASSITERITE 


masses; in compact fibrous, translucent. 
reniform structure; in rolled/brown streak. he A 
grains. Rarely in prismatic scratched by quartz with difficulty. 
Occurs as rolled grains in sand, in 
pegmatite veins and in granite 
rocks. 


crystals, twins. 


Orthorhombic. 
prismatic crystals with|tion. 
nearly square cross-section. 
cross due to a rezular arrangement 
of impurities in the interior of crys- 
tal. Occurs in metamorphic rocks, 
usually clay slates. 


Often gives a light-|(Tin Stone). 
to be/SnO,, 


In coarse Often soft on surface due to altera-| Andalusite 
Frequently a cross-section of|(Chiastolite). 
a crystal will show a dark-colored|Al,SiO,. 


a 
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Chiefly various shades of brown. 


NONMETALLIC 
Il. Give a 


5. Cannot be scratched 
b. Do not show a 


brown to red. 
Also various 
shades of yel- 
low, green, 
pink, ete, 


Yellow minerals, see corundum, beryl], p. 429, axinite and garnet above. 


Cleavage and Spec. 

Color. Luster. Peactire Hardness. Gray, 
Clove-brown,| Vitreous. F. Conchoidal. 6.5-7 3.3 
green, yellow, C. Pinacoidal, 
gray. not prominent. 
Red-brown | Resinous, vitreous.|F. Uneven. 7-7.5 3.7 
to brownish) Dull when altered. 

_ black. 

a 

x 

a 

g 

*s Brown, red, Adamantine. F. Conchoidal. 7.5 47 

§ gray, green, C. prismatic not 

= colorless. prominent. 

nN 

: 

9 & 

; Usually Vitreous. F. Uneven, 6.5-7.5 3.1-4.3 

oa} 


Pink to red minerals, see corundum, spinel, beryl, p. 429, tourmaline, p. 431, and 
garnet above. 
Black mineral, see tourmaline, p. 431, 
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LUSTER. 
colorless streak. 


by quartz. 
prominent cleavage. (Continued.) 
Crystallization and ) Name and 
Structure. Remarks. Composition. 
Triclinic. See p. 423. Axinite. 
Ca,A1,Bo(SiO,)s. 


t 


Orthorhombic. In prismatic/Characterized by its crystals. May|STAUROLITE. 
tals; very commonly in be altered to earthy material in|(AlO),(Al.0H)Fe 

cruciform penetration twins. which case it can be softer than a](SiO,)>. 

|knife. Opaque to translucent. 

) in mica schist. 


Tetragonal. Usually in Characterized by its crystals.|ZIRCON. 
small prisms terminated by Usually opaque. ZrSiO,. 

pyramid of the same order.) 
As rolled grains in sand. : 


Isometric. Commonly as Grossularite=Ca,Al.(SiO,);, usu- |GARNET. 
_ dodecahedrons _ trapezohe- psy Sone yellow or green. Pyrope|R”3;R‘’’s(SiO,)s. 
drons or a combination of the = igrAL(SiO.)s, deep red. Al-|R’’ Cn »Mg,Fe,Mn 
two. In rolled grains. jmandite = Fe,A1,(Si0,);, brown to R’” = = Al, Fe,Cr. 
‘red. Speseartite = Mn,Al1,(SiO,)3, 
red. Andradite = Ca;Fe,(SiO,),, 
\green, yellow, brown, to black. 
Uvarovite = Ca,Cr,(SiO,),, emer- 
ald-green. 7 ae dapat by ecrys- 
tal shape and commonly its red 
color. An accessory rock mineral. 
|Commonly in metamorphic rocks. 
As sand. 


INDEX TO DETERMINATIVE TABLES. 


Acmite, 419 
Actinolite, 407 
Alabandite, 381 
Albite, 419 
Allanite, 425 
Amblygonite, 415 
Amphibole, 407, 419 
Analcite, 411, 421 
Anatase, 421 
Andalusite, 425, 431 
Andesine, 419 
Anglesite, 399 
Anhydrite, 397, 409 
Anorthite, 419 
Anthophyllite, 
419 
Antimony, 375 
Apatite, 413 
Apophyllite, 405 
Aragonite, 411 
Argentite, 373 
Arsenic, 375 
Arsenopyrite, 383 
Atacamite, 391 
Augite, 407 
Axinite, 423, 483 
Azurite, 391 


407, 


Barite, 399, 409 
Bauxite, 401, 413 
Beryl, 429 
Biotite, 393 
Bismuth, 381 
Bismuthinite, 375 
Borax, 399 
Bornite, 377 
Bournonite, 375 
Brochantite, 391 
Bronzite, 421 


Brookite, 425 
Brucite, 393 


Calamine, 411 
Calaverite, 377 
Calcite, 397, 407 
Carnallite, 399 
Cassiterite, 389, 425, 
431 
Celestite, 399 
Cerargyrite, 395 
Cerussite, 401 
Chabazite, 409 
Chalecanthite, 391 
Chalcocite, 373 
Chalcopyrite, 377 
Chloanthite, 383 
Chromite, 379, 385 
Chrysoberyl, 429 
Chrysocolla, 391 
Chrysolite, 423, 431 
Cinnabar, 371, 381, 
387 
Clinochlore, 393 
Cobaltite, 383 
Colemanite, 405 
Columbite, 385 
Copper, 381 
Corundum, 429 
Covellite, 377 
Crocoite, 389 
Cryolite, 401 
Cuprite, 379, 387 
Cyanite, 403, 417 


Danburite, 421, 429 
Datolite, 411, 421 
Diamond, 427 
Diaspore, 417 
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Diopside, 407 
Dolomite, 397, 407 


Embolite, 395 
Enargite, 373 
Enstatite, 421 
Epidote, 417 


Fluorite, 409 
Franklinite, 385 


Gahnite, 431. 
Galena, 371, 375 
Garnet, 423 
Garnierite, 403 
Genthite, 403 
Gersdorffite, 383 
Goethite, 381, 387, 
389 
Gold, 381 
Graphite, 371 
Greenockite, 401 
Gypsum, 395 


Halite, 397 
Harmotone, 405 
Hematite, 371, 379, 
385, 387 
Heulandite, 405 
Hornblende, 407 
Hypersthene, 421 


Ilmenite, 385 
Tolite, 425 


Jadeite, 431 
Jamesonite, 323 


Kaolinite, 401 


Kalinite, 399 


Labradorite, 419 
Lazulite, 427 
Lazurite, 415, 427 
Lepidolite, 397 
Lepidomelane, 393 
Leucite, 421 
Limonite, 371, 381, 
387, 389 
Linnzite, 383 
Lithiophyllite, 403 


Magnetite, 383 
Magnesite, 409 
Malachite, 391 
Manganite, 379 
Marcasite, 383 
Margarite, 397 
Microcline, 417 
Millerite, 377 
Mimetite, 401, 413 
Molybdenite, 371 
Monazite, 413, 425 
Muscovite, 393 


Natrolite, 405, 411, 
417 

Nephelite, 423 

Niccolite, 377, 383 

Niter, 395 


Octahedrite, 421 
Oligoclase, 419 
Olivenite, 391 
Olivine, 423, 431 
Orpiment, 391 
Orthoclase, 417 


Pectolite, 405, 411 
Pentlandite, 377 
Phenacite, 429 


INDEX 


Phlogopite, 393 
Platinum, 381 
Plagioclase Feldspars, 
419 
Polybasite, 373 
Prehnite, 423 
Proustite, 387 
Psilomelane, 373, 385 
Pyrargyrite, 379, 387 
Pyrite, 383 
Pyrolusite, 371, 373 
Pyromorphite, 413 
Pyrophyllite, 393 
Pyrrhotite, 377 
Pyroxene, 407, 413, 
419, 423 


Quartz, 429 


Realgar, 389 
Rhodochrosite, 409 
Rhodonite, 407, 421 
Rutile, 389, 425 


Scapolite, 411, 421 
Scheelite, 413 
Serpentine, 403, 415 
Siderite, 409 
Sillimanite, 417, 427 
Silver, 381 
Smalltite, 383 
Smithsonite, 409, 411 
Sodalite, 409, 415, 
421, 427 
Soda Niter, 395 
Sphalerite, 379, 389, 
409 
Spinel, 429 
Spodumene, 419, 427 
Stannite, 375 
Staurolite, 425, 433 
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Stephanite, 373 
Stibnite, 371, 375 
Stilbite, 403 
Stromeyerite, 373 
Sulphur, 391, 395 
Sylvanite, 377 
Sylvite, 395, 397 


Tale, 393 

Tantalite, 385 
Tellurium, 375 
Tetrahedrite, 373 
Thorite, 389 
Titanite, 411, 425 
Topaz, 427 
Tourmaline, 423, 431 
‘Tremolite, 407 
Triphyllite, 403 
Turgite, 379, 385, 387 


Uraninite, 385 


Vanadinite, 401 

Vesuvianite, 423, 431 

Vivianite, 391, 395, 
397 


Wavellite, 403, 415 

Willemite, 415, 423 

Witherite, 397, 401, 
405, 411 

Wolframite, 379, 385 
389 

Wollastonite, 405,415 

Wulfenite, 413 


Xenotine, 413 
Zincite, 389 


Zircon, 433 
Zoisite, 417 


APPENDIX I. 


LIST OF MINERALS SUITABLE FOR A SMALL 
MINERAL COLLECTION. 


For the convenience of those who desire to possess a small 
but representative mineral collection the following list is given. 
The names of the more important species are printed in black- 
face type, and the names of other desirable but less important 
minerals in ordinary type. The first list includes 59 names, 
while the complete list numbers 109. 


Graphite Pyrolusite Epidote 
Sulphur Manganite Prehnite 
Gold in quartz Limonite Calamine 
Silver Brucite Tourmaline 
Copper Calcite Staurolite 
Orpiment Dolomite Apophyllite 
Stibnite Siderite Heulandite 
Molybdenite Rhodochrosite Stilbite 
Galena Smithsonite Chabazite 
Argentite Aragonite Analcite 
Chalcocite Witherite Natrolite 
Sphalerite Strontianite Muscovite 
Cinnabar Cerussite Lepidolite 
Millerite Malachite Biotite 
Niccolite Azurite Phlogopite 
Pyrrhotite Orthoclase Clinochlore 
Bornite Albite Serpentine 
Chalcopyrite Oligoclase Talc 
Pyrite Labradorite Kaolinite 
Marcasite Leucite Chrysocolla 
Arsenopyrite Pyroxenes (several Titanite 
Tetrahedrite varieties) Columbite 
Halite Spodumene Monazite 
Fluorite Pectolite Apatite 
Cryolite Rhodonite Pyromorphite 
Quartz (several Amphibole (sev- Mimetite 
varieties) eral varieties) Vanadinite 
Opal Beryl Turquois 
Cuprite Garnet Uraninite 
Zincite Chrysolite Barite 
Corundum Willemite Celestite 
Hematite Scapolite Anglesite 
Spinel Vesuvianite Anhydrite 
agnetite Zircon Wolframite 
Franklinite Topaz Scheelite 
Chromite Andalusite Wulfenite 
Cassiterite Cyanite 
Rutile Datolite 
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APPENDIX II. MINERATL STATISTICS. 


INTRODUCTION. 


Brief statistics relative to the amount and value of the pro- 
duction of the different economic minerals and metals are pre- 
sented below. The figures have been taken either from the 
bulletin of the United States Geological Survey entitled Mineral 
Resources of the United States for 1910. Unless otherwise 
stated all statistics refer to productions from the United States. 
A condensed summary of the mineral production for the year 
1910 is given first. The remaining matter is arranged in alpha- 
betical order. 


SUMMARY OF THE MINERAL PRODUCTION 
OF THE UNITED STATES FOR iogto. 


Metals. 
(<Tally?) een SAGAS CAG WNC oe a3 te os $27,267,732 
SRGEE PR ccd Sim 50's 30,854,500 Mercury ..............958,153 
BROKE ect she dl os. 96,269,100 Aluminium ......... _. 8,955,700 
Copper ..... soe 137,180,257 a 
LAST Oe eee 32,755,976 Totals cone $760,743,467 
Nonmetals. 
Bituminous Coal . .$469,281,719 Sand (molding, etc.) $19,520,919 
Anthracite Coal . . . . 160,275,302 Slate...............6,236,759 
iaiuraliGas 2 5.6.5 G0) (50; LOSee LONG tt, zictaetched sa + 76,520,584 
Petroleum ss .. =. - 127, 806,325 me DOLLAR ener ert« = - 1,201,842 
Clay products. ..... 170,115,974 Gypsum............. 6,523,029 
CEST Oe eee ee 68,752,092 Phosphate rock ..... 10,917,000 
1 Bye eet) 5 ee 13,894,962 - Pyrite... .........-.+5: 958,608 
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Nonmetals (Continued) 


Sulphur eros $4,605,112 Glass sand...........$1,516,711 
Salt Pein .ci ot reas oe 7,900,344 Graphite............0- 377,176 
Mineral Paints..... 2 1745 73D waicae. nc. oats cetera 337,097 
ZSWC OXIDE" > .. 2 a)e 5,325,636 Mineralwaters.........6,357,590 
Asphalt ame ts sve ten 3,080,067) © Quart7e ea. =e = cena 193,757 
Bauxite s,s ae aera CEG 255.2 Lalee ee cnt ts on caene eee 864,213 
Beldspar® ii. i eitisus 2c 502,452 ‘Tungsten ores........... 807,307 
Gemsigs . ccttee terse ous 295,797 


Total. ... . $1,242,701,402 
Total value of all mineral products = $2,003,744,869. 


Aluminium. 


The production of bauxite, the ore of aluminium, in 1910 had 
a value of $716,258. The production of the metal totaled 
47,734,000 pounds. Its price varied from 20 to 24 cents per 
pound. 

Antimony. 

Practically no ores of antimony are mined in the United States. 
The domestic source of the metal is confined to the smelting of 
antimonial lead ores where it is obtained in the nature of a by- 


product. The value of the antimony thus obtained, during 
1910, was $263,431. 


Apatite, see Phosphate Rock. 
Arsenic. 


Arsenic, chiefly in the form of the oxide, is produced by only a 
few companies in the United States and the total production is 
comparatively small. It is practically all obtained as a by- 
product from the smelting of ores that contain small amounts 
of the metal. A large part of the production comes from the 
smelting of the copper ores at Butte, Montana, which contain 
arsenic in the form of the mineral enargite. The amount of 
arsenic oxide, or white arsenic, produced in 1910 was 2, 994,000 
pounds with a value of $52,305, 


APPENDIX 439 
Asbestos. 


The amount of asbestos produced is small, amounting to 
$68,357 worth in 1910. Imports for the same year had a value 
of $1,543,249. 

Barite. 

The value of the barite produced in 1910 was $121,746. The 

largest amount came from Missouri. 


Bauxite, see Aluminium. 
Bismuth. 
Little bismuth was produced in 1910. Imports of the metal 
reached the value of $332,668. 
Borax. 


A considerable amount of the borates produced in the United 
States comes from the mineral colemanite. All the borates 
mined are grouped together, however, under the title borax. 
The value of the production for 1910 was $1,201,842. 


Calcite. 
Following are the statistics for the production of Portland 
Cement for 1910. 


1 gaat Value. 
JES ATE ee ce One ane era 26,675,978 | $19,551,268 

Pr Ta ETON Il) i elaicins sho as o's < sein: 7,219,199 ,487, 
ELUM SS Oe oes ROS Ben Ne eo aa ea 5,655,808 5,359,408 
California and Washington............ 6,385,588 8,843,210 
DUT Gr. Sa ee ee eer ae 4,459,450 4,119,012 
Lab ISG Oh ts 2 eae 4,455,589 3,858,088 
Mig GUS 7. hae aan 4,184,698 3,067,265 
PRICE are atts Slee 2 ayalee's « ,687,719 3,378,940 
Skye PEAS 12 er Sree ee 3,296,350 2,906,551 
MEMUHOT ISL AVES oo Sk cis cs co ce nce vie wow el 10,529,572 | 10,614,550 
PL Orutblemea tis fc. 6.5 ciate vids oe! gia aie ies 76,549,951 | $68,205,800 


Total production of cement of all classes for 1910 had a value 


of $68,752,092. 
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The value of the production of limestone for the year 1910 
follows. 


Illinois, $3,847,715 Ohio, $4,357,432 
Indiana, 4,472,241 Pennsylvania, 5,394,611 
Missouri, 2,360,604 Other states, 14,171,075 


New York, 2,813,476 Total, 34,603,678 


Cement, see above. 
Chromite. 


The production and imports of chromite for the year 1910 
follow. Chromite chiefly from California, 205 tons; value 
$2,729. Imported, chiefly from New Caledonia, Greece and 
Canada, 38,579 tons; value $415,768. 


Clay. 

The total value of the various kinds of clay produced in 1910 
was $3,625,485. The value of kaolin produced was $255,873. 
The value of kaolin imported during 1910 was $1,593,472. The 
total value of all brick and tile products was $136,331,296; that 
of pottery products was $33,784,678. 


Copper. 


The amounts of copper produced in the years 1900, 1905 and 
1910 follow. 


1900, 1905. 1910. 
Pounds. Pounds. Pounds. 

PAM RISIGS crise tara arenes 4,900,866 4,311,026 
PATE IZ OMAN Races chore 118,317,764 | 235,908,150 297,250,538 
Walttornja: «2. 2 onk on 28,511,225 | 16,697,489 45,760,200 
(CGlorad iss suction se 7,826,949 9,404,830 9,307,497 
MARIO: (hats 2 no peste 290,162 7,321,585 6,877,515 
INAV CHERA TI 7. hick ole re Nour 145,461,498 | 230,287,992 221,462,984 
VIDIO VEE ctsye cohol eealiers 270,738,489 | 314,750,582 283,078,473 
PNOMATE, 95.0 ics vist gts 407,535 413,292 64,494,640 
New Mexico.......... 4,169,400 5,334,192 3,784,609 
Tennessee... 2... on ? ? 16,691,777 
(Ohi cy, 5 aS ee 18,354,726 | 58,153,893 125,185,455 
Otherstates: 6... 2.0... 12,039,418 | 18,735,472 2,944,795 

Leica SPO yee ee 606,117,166 | 901,907,843 | 1,080,159,509 
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Note. — Practically the entire production of Michigan is 
from native copper; that of the other states is from various other 
ores. 

The value of copper varies quite widely from year to year. 
One pound was worth about 16.75 c. in 1900; 15.63 c. in 1905; 
13 c. in 1910. 

The United States furnished in 1910 considerably more than 
one-half of the total world’s production. The other countries 
that produced more than 25,000 tons were, in the order of their 
rank, Mexico, Spain, Portugal, Japan, Australasia, Chile, 
Canada, Germany. 


Corundum. 


The production of corundum for abrasive purposes is practi- 
cally negligible. Since 1898, when the production was valued 
at $275,064, it has rapidly fallen until in 1910 the only corundum 
produced was in the form of emery with a total value for the 
year of $15,077. Considerable amounts of emery are imported, 
the value for 1910 being $816,167. The decline in the domestic 
production of corundum is due in large part to the manufacture 
of the artificial abrasives, carborundum and alundum. The value 
of such materials produced in 1910 was $1,604,030. For the 
production of corundum as sapphire, see under gem stones. 


Feldspar. 
The production of feldspar for 1910 was as follows. 
Quantity. Value. 

18,739 $80,974 

Cc dinihe bhai an Cee ; } 
Meine oe both Se Cee 20,762 196,463 
WS (LEN a 9 ae Je 9,977 47,340 
IS Gate M0 a ae Oe oe 12,412 46,864 
Penngylvanidns.-.\0..-.5- snes 15,091 104,751 
OMNES CISC UE» Ge ee 4,121 16,060 
SUG. 956 Agee aero 81,102 502,452 
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Fluorite, Fluorspar. 


The production of fluorite during 1910 was as follows: 
Colorado and New Mexico, $27,858; Illinois, $277,764; Ken- 
tucky, $124,574; Total, $430,196. 


Garnet. 


The value of garnet produced for an abrasive during 1910 was 
$113,574. 


Gem Stones. 


The value of the gems and ornamental stones produced in the 
United States for 1910 was $295,797. More than 20 different 
minerals contributed to this total, the majority of them being 
found in small amounts, however. The values of the production 
of the more important stones follow: Sapphire, $52,983; Spodu- 
mene, variety kunzite, $33,000; Tourmaline, $46,500; Turquoise 
and turquoise matrix, $85,900. 


Gold. 


The values of the gold production in the years 1900, 1905 and 
1910 are given below. 


1900. 1905. 1910. 

PARKS RAN, is sata neeeee $8,171,000 | $15,630,000 | $16,126,749 
PANE Z OND cron te ¢ x, 5.07 teen 4,193,400 2,799,214 3,149,366 
MU OISTONNTS,. 4 ua chet ce 15,816,200 | 18,898,545 | 19,715,440 
TEOLON ACO). eis. soe ae 28,829,400 | 25,023,973 | 20,507,058 
[ko CNG ine. 1,724,700 1,075,618 1,096,842 
IMUOINGATIS) «occ .2-+.0.cte saree 4,698,000 4,794,083 3,730,486 
ING Cae ree a 2,006,200 5,269,819 | 18,878,864 
OREN: 4 aes aes 1,694,700 1,405,235 679,488 
SOUpEWaAKOtA....... sess 6,177,600 6,989,492 5,402,257 
Othewstates.... . 0... cnn. 5,859,800 6,274,102 5,647,228 

POPE NEND, | -chelcyiv Sis... $79,171,000 | $88,159,881 | $94,933,778 
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The gold production of the leading countries for the year 1910 
follows. 
United States, $94,933,778 Rhodesia, $12,607,791 


Canada, 10,224,910 Transvaal, 155,730,260 
Mexico, 24,073,100 China, 10,102,300 
Russia, 40,169,000 India, 12,089,500 
Australasia, 65,329,705 
Total including all other countries, $456,847,786 
Graphite. 
The production of natural graphite in 1910 was as follows. 
Quantity. Value. 
Tons. 
Mew York. ...... oe Eee es ee aren OS 1,303 $158,500 
EMS WIVARIA. -.- 0.2222 +2-- nose geri 696 82,194 
RMR REISE OER S55 6 oo we cieis.c oes «oe oarm 36,741 136,482 
SAC EMD MRS eicnd carecd 62’ ivia. «3.0 38,740 $377,176 


Artificial graphite produced in 1910 amounted to 13,149,100 
pounds; value, $945,000. 

Ceylon produced graphite in 1909 with a value of $2,587,531; 
Austria, $320,380; United States, $345,509; total world’s pro- 


duction, $3,525,140. 


Gypsum. 
The value of the gypsum produced in the various states for 
1910 follows. 


California, $242,203 New York, $1,153,977 
Colorado, 118,809 Ohio and Virginia, 821,213 
Iowa, 943,849 Oklahoma and Texas, 941,256 
Kansas, 377,222 Utah, 149,089 
Michigan, 668,201 Other states, 654,292 
Nevada and } 452,918 

Oregon 


Total $6,523,029 
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Tron. 


The production in long tons of the different iron ores by 
states is given in the following table for 1910. 


Hematite. Limonite. Magnetite. 
‘Alla Danna sacs emer ats eee 3,678,139 1,123,336 10 eee 
Michigans. ea. go ete | 13,303;906.-'<- 2.35.8... Eee 
Minnesotawd os... - oats 39,066,769 U1 os. < ee eee 
New: Jersey.cA. cs Serer eh a eee tO aI eee 521,832* 
ING Wi VOT keudcg Bee eee Bt fae. 1 eases 1,222,471* 
Pennsylvania’. .....2...-: 846 106,544 632,409 
MLENNCRSEE «. cae oe eek 301,838 430,409 mit ates 
WA a LEWD, <Aaile Berg erie eee 81,647 821,131 599 
Wisconsin... “Me... ace 1,148,846 705 24k See 
Other. StateSeeye, <a. sone: 820,278 386 ,647 254,524 
Rotate? Zaaometee 51,367,007 2,868,572 2,631,835 


* Limonite included with magnetite. 


Total of all ores = 56,889,734 tons. 


Production of Lake Superior District by ranges in long tons. 


Marquette. 
1880 1,384,010 
1885 1,430,862 
1890 2,863,848 
1895 1,982,080 
1900 3,945,068 
1905 3,772,645 
1910 4,631,427 
Total to end of 
1910 97,861,463 


Menominee.) Gogebic. 


524,735 

690,435 
2,274,192 
1,794,970 
3,680,738 
4,472,630 
4,983,729 


76,390,887 


Vermilion. Mesabi.* 

"119,590 * 927,075 bce ee 
2,914,081 SOLO1O) Ai Fees 
2,625,475 1,027,103 2,839,350 
3,104,033 1,675,949 8,158,450 
3,344,551 1,578,626 20,156,566 
4,746,818 1,390,360 30,576,409 
66,533,749 30,708,055 226,937,775 


* The Mesabi District first shipped ore in 1892. 


Total for Lake Superior District to end of 1910 = 498,431,929 


tons. 
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Kaolin, see Clay. 
Lead. 
The production of lead in 1910 follows: 


Short Tons. 

35,685 

99,924 
161,659 


Its various uses were divided in 1909 as follows: 


White lead and oxides.............. 


Short Tons. 


134,138 


36,433 
104,094 
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The average price of lead for 1910 was 4.4 cents per pound. 


Limestone, see Calcite. 
Magnesite. 


The production of magnesite for 1910 amounted to 12,443 tons, 
valued at $74,658. The imports of the mineral were valued at 


$1,542,800. 


Manganese. 


The United States produces only small amounts of manganese 
ores. The output comes from Arkansas and Virginia and was 
valued in 1910 at $22,892. A larger amount of manganiferous 
ores, in which the manganese is saved as a by-product, was pro- 
duced. The imports of manganese ores were valued at 


$1,711,131. 
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Mercury. 


The production of mercury (quicksilver) for 1910 was as 
follows. ; 


California, 17,211 flasks (75 Ibs. each); value, $800,484. 
Texas, 330 = “« 154,413. 


Mica. 


The total value of the mica produced during 1910 was $337,097. 
Importations during the same year were valued at $724,525. 


Monazite. 


The domestic production of monazite for 1910 was insignificant 
amounting to only $12,006 in value. The importations of 
monazite, thorium oxide and thorium nitrate for the same period 
had a value of $267,912. 


Nickel. 


The production of nickel from domestic ores is insignificant. 
The value of the nickel ore and matte imported during 1910 was 
$4,085,076. 


Phosphate Rock. 
The production of phosphate rock during 1910 was as follows: 


Value. 
Hloridas::. saat absetes aes $8,647,774 
"Tennessee. 2s Aah Wc eae ee ee 1,503,350 
South Carolinge pee eee eee 733,057 
Other statesi’oc 72. tumeeee eens 22,819 
Totals \.jc., a sankey OR epaeae eee $10,917,000 


Platinum. 

The value of the platinum produced in the United States is 
small, being $25,277 in 1910. Russia produced $212,500 ounces 
in 1900, 200,450 ounces in 1905 and probably about 300,000 
ounces in 1910. Other sources at present are negligible. The 
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value of importations into the United States of unmanufactured 
and manufactured platinum in 1910 amounted to more than 
$3,654,664. The price of platinum has been steadily rising. 
Platinum in ingots had an average value in New York during 
1910 of $32.70 per ounce. 


Potash Salts. 
The amount of potash salts produced in the United States is 
small. The value of the various salts imported during 1910 was 
$8,363,623. 


Pyrite. 
The production of pyrite by states for 1910 follows: 

Long tons. Value. 
oT UEDA eet asso ee ee 23,700 $110,134 
PEG LETTE ee 10,502 33,747 
Massachusetts and New York......... 38,978 187,071 
PERE FS i ORD oo ae seg I 3,766 12,831 
Virginia and Georgia........... ny 148,653 565,358 
DS Sr ge ey a Ie 12,555 49,467 

REET ek tal Side a poet Seenpigt Bae Serge 238,154 $958,608 


Average price per ton = $4.03. 


Quartz. 


Pure crystalline quartz, used for pottery, scouring soaps, 
paints, etc., brings about $2.00 to $3.50 per ton in its crude form. 
The purer varieties of quartzite and sandstone, used for the same 
purposes, are worth from $1.00 to $2.00 a ton. The total pro- 
duction of quartz for these purposes, and including that used as 
a flux or for abrading purposes for 1910, had a value of $193,757. 
The value of the sandstone production in the United States for 
the same year was $7,930,019. Sand, used for glass, moulding, 
building, etc., was produced from a great number of states, 
Pennsylvania, New York, Ohio, Illinois and Missouri leading 
in the order named, and had a total value, in 1910, of $21,037,630. 
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Rutile, see Titanium. 


Salt. 


The production of salt in the different important states for 


1910 follows: 


Quantity. Value. 
(In barrels cf 280 
Ibs.) 
Caloris. so. 22 e aes ee 937,514 $519,667 
FCATSAE ts, gird te Ce ae oe ete mene 2,811,448 947,369 
Michigans. eros. eae ee 9,452,022 2,231,262 
New York and Louisiana........... 11,642,520 | 2,585,739 
Ohigiss 9,232. . Se ace oe eee 3,673,850 ,963 
(Dexag ty owas sete: oka Rares 382,164 272,568 
UG SIR Se ads IS nee Serer 249,850 185,869 
West. Virgin. ss. ber mee eee rae 155,625 62,955 
Oftheristatess 2. ome. Sec a ee ie 1,000,663 142,952 
otal ty sees oe eee eee 30,305,656 $7,900,344 


Silver. 


The amounts and values of the silver production for the years 


1900, 1905 and 1910 are given below: 


1900. 1905. 1910. 

Commer- Commer- Commer- 

Ounces. cial Value. Ounces. cial Value. Ounces. cial Value. 
Arizona....... 2,995,590} $1,217,165 | 2,605,712] $1,573,850 | 2,566,528) $1,385,925 
Colorado...... 20,483,900 12,700,018 | 11,499,307) 6,945,581 | 8,509,598) 4,595,183 
TOBRG sts ce 6,429,100) 3,986,042 8/679,093 5,242,172.| 7,369,742) 3,979,661 
Montana,...... 14,195,400] 8,801,148 | 18,231,300} 7,991,705 | 12,162,857] 6,567,942 
puree Rts « N- 1,358,700 842,394 | 6,482,081] 3,915,177 | 12,479,871) 6,789,130 
PAS ere 9,267,600} 5,745,912 | 11,036,471] 6,666,028 | 10,466,971) 5,652,164 
Other states...| 4,916,800} 2,448,461 | 2,738,522) 1,543,926 | 3,847,942) 2,183,190 
ST VrOALi  arcisiect 57,647,000] $35,741,140 | 56,272,496] $33,988,587 | 57,598,509) $31,103,195 


Two thirds of the world’s total preduction of silver in 1910 
came from Mexico, United States and Canada, arranged in the 
order of their importance, the total amount being 233,650,312 


ounces with a value of $119,539,941, 
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The commercial value of silver varies quite widely from year 
to year. An ounce was valued in 1900 at 61.6c., in 1905 at 
60.4c., and in 1910 at 49.3c. 


Soapstone, see Talc. 


Sulphur. 


The value of the sulphur produced in 1910, chiefly from 
Louisiana, was $4,605,112. The value of the imports for the 
same year was $558,611. 


Talc and Soapstone. 
The production of tale and soapstone for 1910 follows. 


Massachusetts, $52,204 North Carolina, $69,805 
New Jersey and Vermont, 136,674 
Pennsylvania, 62,833 Virginia, 510,781 
New York, 728,180 Other states 31,916 
Total, $1,592,393 

Tin. 


The domestic production of tin is negligible. The value of 
the imports of the metal for 1910 was $33,913,255. 


Titanium. 


Very little rutile is produced in the United States. The 
localities in Nelson County, Virginia, are the only ones that have 
been worked recently. The value of the rutile produced from 
them in 1910 was $44,480. The value of the mineral varies 
according to purity from $40 to $150 per ton. 


Tourmaline, see Gem Stones. 
Tungsten. 


The total value of tungsten concentrates produced during 
1910 was $832,992. 
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Turquoise, see Gem Stones. 
Zinc. 


The production of metallic zinc, spelter, in the United States 
for 1910 is given below. 


Short Tons. 
Golorado2.:/ Sate: 1 or a oeibe kh adene eee eee 25,883 
TAN BAG Mins}, c-oske Aye py Peep ES hos See a eet 10,220 
IMissoUurL 24,2. tes ee a. eee ees 140,653 
Montana. o7.s%. ete ee eee eee wie eee reine 12,417 
New Jersey:. a0. 2h cae SA Soe hoe eee ee 65,419 
WiscOnsiti Se eee we ie a ar hae ee 21,475 
Other"stebes 2 cate. cach cies Cans ae tere 27,092 
Total Css. ek oe Son ee Sein See eee 303,139 


The world’s production of spelter by countries for 1910 follows: 


Short Tons. 

BelgtU os. bg Des Sect ee OR on ee 190,233 

_ France and Spain o-wot s 1053 ges eee 65,191 
Germany ocygh estes Se ee ee 241,419 
Great Britain Voge. nek ee ok oe ee 69,533 
United Statesay,. ssc. foc. 6 asks ote enten eee 303,139 


ET, eee TS 883,419 


INDEX. 


Note. — Names of mineral species are printed in heavy-faced type; synonyms and 
variety names in italics; general matter in light-faced type. 


A. 


Accessory rock-making min- 
erals, 343. 

Acicular structure, 57. 

Acid potassium sulphate, 92 

Acmite, 233. 

Actinolite, 237. 

Adamantine luster, 66. 

Adularia, 222. 

figirite, 233. 

#Enigmatite, 240. 

Agalmatolite, 283. 

Agate, 176. 

Alabandite, 144. 

Alabaster, 305. 

Albite, 225. 

Alexandrite, 193. 

Allanite, 259. 

Almandite, 244. 

Altaite, 140. 

Aluminium, tests for, 95. 

Aluminium minerals, 310. 

Amalgam, 131. 

Amazon stone, 223. 

Amblygonite, 292. 

Amethyst, 176. 

Ammonium carbonate, 93. 

Ammonium hydroxide, 93. 

Ammonium molybdate, 93. 

Ammonium oxalate, 93. 

Ammonium sulphocyanite, 93. 

Amorphous minerals, 363. 

Amphibole, 237. 

Amphibole Group, 237. 


Analcite, 269. ; 
Anatase, 196. 
Andalusite, 256. 
Andesine, 228. 
Andesite, 333. 
Andradite, 244. 
Anglesite, 302. 
Anhydrite, 303. 
Ankerite, 209. 
Annabergite, 293. 
Anorthite, 229. 
Anthophyllite, 237. 
Antimony, 124. 
Antimony minerals, 311. 
Antimony, tests for, 95. 
Apatite, 288. 
Apatite Group, 288. 
Apophyliite, 265. 
Aquamarine, 241. 
Aragonite, 214. 
Aragonite Group, 213. 
Arfvedsonite, 246. 
Argentite, 138. 
Arkose, 336. 
Arsenic, 123. 
Arsenic minerals, 312. 
Arsenic, tests for, 96. 
Arsenopyrite, 156. 
Asbestos, 279. 
Asterism, 68. 
Atacamite, 172. 
Augite, 231. 
Aurichalcite, 219. 
Aventurine, 176. 
Axinite, 260. 
Azurite, 219. 
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B. 


Balas ruby, 188. 
Banded structure, 59. 
Barite, 299. 

Barite Group, 299. 
Barium chloride, 93. 
Barium hydroxide, 93. 
Barium minerals, 313. 
Barium, tests for, 96. 
Barytes, 299. 

Basalt, 333. 

Bauxite, 201. 

Bead tests, 90. 

Beam balance, 64. 
Beryl, 240. 

Biotite, 275. 
Bismuth, 124. 
Bismuthinite, 136. 
Bismuth minerals, 313. 
Bismuth, tests for, 97. 
Black-band ore, 211. 
Black jack, 142. 
Blowpipe, 80. 
Blowpipe flame, 82. 
Blue vitriol, 306. 
Bog-iron ore, 200. 
Boracite, 296. 
Borax, 296. 

Borax, 92. 

Bornite, 148. 

Boron, tests for, 97. 
Bort 117. 

Botryoidal structure, 58. 
Boulangerite, 160. 
Bournonite, 160. 
Brachy-axis, 47. 
Brachydome, 48. 
Brachypinacoid, 48. 
Braunite, 193. 
Brazilian emerald, 264. 
Brittle, 62. 
Brochantite, 304. 
Bromyrite, 170. 
Bronzite, 231. 
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Brookite, 196. 
Brown hematite, 200. 
Brucite, 202. 


C. 


Cadmium minerals, 313. 
Cairngorm stone, 176. 
Calamine, 261. 
Calaverite, 158. 
Calcite, 204: 

Calcite Group, 203. 
Calcium, tests for, 98. 
Cancrinite, 243. 
Capillary pyrites, 146. 
Capillary structure, 57. 
Carbonado, 117. 
Carbon, tests for, 99. 
Carborundum, 184, 
Carbuncle, 247. 
Carnallite, 173. 
Carnelian, 176. 
Cassiterite, 193. 
Cat’s eye, 176, 193. 
Celestite, 301. 
Cerargyrite, 169. 
Cerussite, 217. 
Chabazite, 269. 
Chalcanthite, 306. 
Chalcedony, 176. 
Chalcocite, 141. 
Chalcopyrite, 150. 
Chalcotrichite, 179. 
Chalk, 206, 336. 
Chalybite, 210. 
Chemical formula, 75. 
Chemical groups, 74. 
Chessylite, 219. 
Chiastolite, 256. 
Chloanthite, 154. 
Chlorine, tests for, 99. 
Chlorite Group, 277. 
Chlorophane, 171. 
Chlorospinel, 188. 
Chondrodite, 261. 


INDEX 


Chromite, 191. 
Chromium minerals, 314. 
Chromium, tests for, 99. 
Chrysoberyl, 192. 
Chrysocolla, 283. 
Chrysolite, 247. 
Chrysoprase, 176. 
Chrysotile, 279, 
Cinnabar, 144. 
Cinnamon stone, 245. 
Classification of minerals, 114. 
Clay ironstone, 211. 
Cleavage, 3, 59. 
Clino-axis, 50. 
Clinochlore, 277. 
Clinodome, 52. 
Clinohumite, 261. 
Clinopinacoid, 53. 
Clintonite Group, 276. 
Closed tube test, 87. 
Coatings on charcoal, 86. 
Cobalt bloom, 293. 
Cobaltite, 154. 
Cobalt minerals, 314. 
Cobalt nitrate, 93. 
Cobalt, tests for, 99. 
Cogwheel ore, 160. 
Colemanite, 296. 
Coloradorite, 144. 
Color of minerals, 67. 
Columbite, 284. 
Columnar structure, 58. 
Compact structure, 58. 
Concentric structure, 58. 
Conchoidal fracture, 60. 
Conglomerate, 335. 
Constancy of interfacial angles, 5. 
Contact metamorphic minerals, 
347. 
Copper, 130. 
Copper glance, 141. 
Copper minerals, 314, 
Copper nickel, 147. 
Copper pyrites, 150. 
Copper, tests for, 99. 
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Cordierite, 242. 
Corundum, 181. 
Covellite, 145. 
Crocidolite, 240. 
Crocoite, 303. 

Cryolite, 172. 

Crystal combinations, 13. 
Crystal, defined, 1. 
Crystal distortion, 14. 
Crystal form, 12. 

Crystal habit, 13. 
Crystallized structure, 57. 
Crystallographic axes, 9. 
Cube, 18. 

Cuprite, 179. 

Cyanite, 257. 
Cymophane, 193. 


D. 


Dacite, 333. 

Danburite, 254. 
Datolite, 257. 

Deltoid dodecahedron, 29. 
Demantoid, 247. 

Dendritic structure, 57. 
Desmine, 268. 
Determinative Mineralogy, 364. 
Determinative, Tables, 369. 
Diamond, 116. 
Diaspore, 198. 
Dimorphism, 80. 
Diopside, 231. 
Dioptase, 250. 

Diorite, 332. 

Diploid, 25. 

Divergent structure, 57. 
Dodecahedron, 19. 
Dolerite, 332. 

Dolomite, 208. 

Double refraction, 71. 
Drusy structure, 57. 
Dry-bone ore, 212. 

Dry reagents, 92. 

Dunite, 332. 
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E. 


Earthy structure, 58. 
Eleolite, 242. 

Elastic, 62. 

Electric calamine, 262. 
Electrum, 125. 
Elements, 115. 
Elements, list of, 94. 
Embolite, 169. 
Emerald, 241. 

Emery, 182. 
Enargite, 165. 
Endlichite, 291. 
Enstatite, 231. 
Epidote, 259. 
Erubescite, 149. 
Erythrite, 293. 
Essonite, 245. 
Eucryptite, 234. 


F. 


Fahlore, 162. 
Famatinite, 165. 
Fayalite, 248. 
Feather ore, 159. 
Feldspar Group, 220. 
Felsite, 333. 
Fergusonite, 286. 
Fibrolite, 256. 

Fibrous fracture, 60. 
Fibrous structure, 58. 
Filiform structure, 57. 
Flame tests, 88. 
Flexible, 62. 

Flint, 177. 

Flos ferrt, 215. 
Fluorine, tests for, 100. 
Fluorite, 170. 

Fluor spar, 170. 
Foliated structure, 58. 
Fosterite, 248. 
Fracture, 60. 
Franklinite, 191. 
Fusion, 83. 
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G. 


Gabbro, 332. 
Gadolinite, 258. 
Gahnite, 189. 
Galena, 139. 
Galenite, 139. 
Gangue minerals, 351. 
Garnet, 244. 
Garnierite, 280. 
Gay Lussite, 219. 
Genthite, 280. 
Geocronite, 160. 
Geode, 59. 
Gersdorffite, 154. 
Geyserite, 178. 
Gibbsite, 203. 
Glauberite, 298. 
Glaucophane, 239. 
Globular structure, 58. 
Gmelinite, 269. 
Gneiss, 337. 
Goethite, 199. 
Gold, 125. 

Golden beryl, 241. 
Gold minerals, 317. 
Gold, tests for, 101. 
Goniometers, 6. 
Gossan, 153. 
Granite, 331. 
Granular structure, 58. 
Graphite, 120. 
Gray copper, 162. 
Graywacke, 336. 
Greasy luster, 66. 
Greenockite, 146. 
Grossularite, 244. 
Groundmass, 334. 
Gypsum, 304. 


Ee 


Hackly fracture, 60. 
Halite, 166. 


Hardness of minerals, 60. 


INDEX 
Harmotone, 267. Indicolite, 264. 
Hausmannite, 193. Infusorial earth, 178. 
Hauynite, 243. Iodyrite, 170. 
Heavy spar, 299. Iolite, 242. 
Hedenbergite, 231. Tridescence, 68. 
Hematite, 184. fridium, 133. 
Hemimorphite, 262. Tridosmine, 133. 
Hessite, 140. Iron, 133. 
Heulandite, 267. Tron minerals, 318. 
Hexahedron, 18.- Tron pyrites, 151. 


Hexagonal axes, 37. - 
Hexagonal minerals, 357. 
Hexagonal prisms, 38. 
Hexagonal pyramids, 39, 40. 
Hexagonal symmetry, 38. 
Hexagonal system, 37. 
Hexakistetrahedron, 29. 
Hexoctahedron, 23. 
Hiddenite, 234. 
Hornblende, 237. 
Hornblendite, 332. 

Horn silver, 169. 
Horseflesh ore, 149. 
Hubnerite, 307. 
Humite, 261. 

Hyacinth, 254. 

Hyalite, 178. 
Hyalophane, 223. 
Hydrargillite, 203. 
Hydrochloric acid, 93. 


Hydrogen sodium phosphate, 93. 


Hydrohematite, 198. 
Hydromagnesite, 220. 
Hydrozincite, 220. 
Hypersthene, 231. 


i 


Ice, 181. 

Iceland spar, 206. 
Igneous rocks, 329. 
Ilmenite, 186. 
Ilvaite, 261. 

Index of refraction, 69. 
Indices, 12. 


Iron, tests for, 101. 
Irregular fracture, 60. 
Isometric angles, 30. 
Isometric axes, 16. 
Isometric minerals, 355. 


Isometric symmetry, 17. 


Isometric system, 16. 
Isomorphism, 77. 


Isomorphous groups, 79. 


J. 


Jacinth, 254. 
Jadeite, 234. 
Jamesonite, 159. 
Jargon, 254. 
Jasper, 177. 
Jeffersonite, 231. 
Jolly balance, 64. 


K. 


Kainite, 168. 
Kalinite, 306. 
Kaolin, 281. 
Kaolinite, 281. 
Kidney ore, 185. 
Krennerite, 159. 
Kunzite, 234. 


L. 


Labradorite, 228. 
Lamellar structure, 58- 
Lapis-lazuli, 243. 
Laumontite, 268. 
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Lazulite, 293. 
Lazurite, 243. 
Lead, 131. 

Lead minerals, 319. 
Lead, tests for, 102. 
Lepidolite, 274. 
Lepidomelane, 276. 
Leucite, 229. 
Inevrite, 261. 
Limestone, 206, 335. 
Limonite, 200. 
Linneite, 149. 
Lithiophilite, 287. 
Lithium, test for, 103. 
Litmus paper, 92. 
Lodestone, 189. 
Luster, 65. 


' 


M. 


Macro-axis, 47. 
Macrodome, 48. 
Macropinacoid, 48. 
Magnesite, 209. 
Magnesium, tests for, 103. 
Magnetic pyrites, 147. 
Magnetite, 189. 
Malachite, 218. 
Malleable, 62. 
Mammillary structure, 58. 
Manganese minerals, 320. 
Manganese, tests for, 104. 
Manganite, 199. 
Manganotantalite, 285. 
Marble, 206, 339. 
Marcasite, 155. 
Margarite, 277. 
Marialite, 250, 251. 
Marl, 337. 

Massive minerals, 363. 
Massive structure, 59. 
Meionite, 250, 251. 
Melaconite, 181. 
Melaniie, 246. 
Menaccanite, 186. 


INDEX 


Meneghinite, 160. 
Mercury, 131. 

Mercury minerals, 321. 
Mercury, tests for, 104. 
Metacinnabarite, 144. 
Metallic luster, 66. 
Metamorphic rocks, 337. 
Mica Group, 271. 
Mica-schist, 338. 
Micaceous structure, 58. 
Microcline, 223. 
Microcosmic salt, 92. 
Microlite, 286. 

Milky quartz, 176. 
Millerite, 146. 
Mimetite, 291. 
Mispickel, 156. 
Mizzonite, 250, 251. 
Molybdenite, 137. 
Molybdenum minerals, 322. 
Molybdenum, tests for, 104. 
Monazite, 286. 
Monoclinic axes, 50. 
Monoclinic minerals, 360. 
Monoclinic prism, 52. 
Monoclinic pyramid, 51. 
Monoclinic symmetry, 51. 
Monoclinic system, 50. 
Monticellite, 248. 
Moonstone, 222, 226. 
Morganite, 241. 

Muriatic acid, 93. 
Muscovite, 272. 


N. 


Nagyagite, 159. 
Natrolite, 270. 
Nephelite, 242. 
Niccolite, 147. 
Nickel bloom, 293. 
Nickel minerals, 322. 


_ Nickel, tests for, 104. 


Niobium, tests for, 105. 
Niter, 295. 


Nitric acid, 93. 
Nonmetallic luster, 66. 
Noselite, 243. 


oO. 
Obsidian, 333. 
Octahedrite, 196. 
Octahedron, 18. 
Oligoclase, 227. 
Olivenite, 293. 
Olivine, 247. 
Onofrite, 144. 
Onyz, 177. 
Odlite, 336. 
Opal, 178. 
Opalescence, 68. 
Open tube test, 86. 
Orpiment, 134. 
Ortho-axis, 50. 
Orthoclase, 221. 
Orthodome, 52. 
Orthopinacoid, 53. 
Orthorhombic axes, 46. 
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Percentage composition, 76. 
Peridot, 247. 

Peridotite, 332. 

Perlite, 333. 

Perovskite, 284. 
Petalite, 220. 

Petzite, 140. 
Phenacite, 249. 
Phenocryst, 334. 
Phillipsite, 267. 
Phlogopite, 275. 
Phonolite, 333. 
Phosgenite, 218. 
Phosphorescence, 68. 
Phosphorite, 289. 
Phosphorus, tests for, 106. 
Picotite, 188. 

Pitch blende, 297. 
Pitchstone, 333. 
Plagioclase feldspars, 224. 
Plagionite, 160. 
Platinum, 131. 
Platinum minerals, 323. 
Platinum, tests for, 106, 


Play of colors, 68. 

Pleonaste, 188. 

Plumose structure, 58. 
Plutonic rocks, 330, 331. 
Pneumatolytic minerals, 348. 
Polarized light, 72. 
Polianite, 198. 

Pollucite, 230. 

Polybasite, 164. 


Orthorhombic minerals, 359. 
Orthorhombic prism, 47. 
Orthorhombic pyramid, 47. 
Orthorhombic symmetry, 46. 
Orthorhombic system, 47. 
Oxidizing flame, 84. 

Oxygen, tests for, 105. 


= Polyhalite, 168. 
Palladium, 133. Porphyry, 334. 
Parameters, 10. Potash alum, 306. 
Parting, 59. Potash feldspar, 221. 


Peacock ore, 149. Potassium iodide and sulphur 
Pearl spar, 209. mixture, 92, _ 

Pearly luster, 66. Potassium ferricyanide, 93. 
Pectolite, 235. Potassium ferrocyanide, 93. 
Pegmatite dike, 345. Potassium, tests for, 106. 
Penninite, 277. Prehnite, 260. 

Pentagonal dodecahedron, 25. Primary vein minerals, 352. 
Pentlandite, 144. Proustite, 161. 
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Pseudomorphs, 15. 
Psilomelane, 203. 
Pumice, 333. 

Purple copper ore, 148. 
Pyrargyrite, 161. 
Pyrite, 151. 
Pyritohedral class, 24. 
Pyritohedron, 25. 
Pyrochlore, 286. 
Pyroelectricity, 72. 
Pyrolusite, 196. 
Pyromorphite, 290. 
Pyrope, 244. 
Pyrophyllite, 282. 
Pyroxene, 231. 
Pyroxene Group, 230. 
Pyroxenite, 332. 
Pyrrhotite, 147. 


Q. 


Quartz, 174. 
Quartzite, 338. 
Quicksilver, see Mercury. 


R. 


Radiated structure, 57. 
Realgar, 134. 

Red copper ore, 179. 
Reducing flame, 84. 
Refraction of light, 68. 
Reniform structure, 58. 
Replacement deposits, 351. 
Resinous luster, 66. 
Reticulated structure, 57. 
Rhodochrosite, 211. 
Rhodolite, 246. 
Rhodonite, 236. 
Rhombohedral class, 41. 


Rhombohedral minerals, 358. 


Rhombohedron, 42. 
Rhyolite, 3338. 
Riebeckite, 239. 
Rock crystal, 178. 


INDEX 


Rock-making minerals, 339- 
Rock salt, 166. 

Rose beryl, 241. 

Rose quartz, 176. 

Rubellite, 264. 

Rubicelle, 188. 

Ruby, 182. 

Ruby copper, 179. 

Ruby silvers, 161. 

Rutile, 195. 


8. 


Salt, 166. 

Salt of phosphorus, 92. 
Samarskite, 286. 
Sandstone, 335. 
Sanidine, 222. 

Sapphire, 182. 

Satin spar, 305. 
Scalenohedron, 42. 

Scale of fusibility, 84. 
Seale of hardness, 61. 
Scapolite Growp, 250. 
Scheelite, 308. 
Schefferite, 231. 

Schist, 338. 

Scolecite, 271. 
Scorodite, 293. 
Secondary enrichment, 352. 
Secondary vein minerals, 352. 
Sectile, 62. 
Sedimentary rocks, 334. 
Selenite, 304. 
Serpentine, 278. 
Shale, 336. 

Siderite, 210. 
Silicon, tests for, 107. 
Silky luster, 66. 
Sillimanite, 256. 
Silver, 129. 

Silver glance, 138. 
Silver minerals, 324. 
Silver nitrate, 93. 
Silver, tests for, 108. 


Slate, 338. 

Smaltite, 154. 
Smithsonite, 212. 
Smoky quartz, 176. 
Soapstone, 280. 
Soda-feldspar, 225. 
Sodalite, 243. 

Soda niter, 295. 
Sodium carbonate, 92. 
Sodium, tests for, 109. 
Spathic iron, 210. 
Specific gravity, 62. 
Specular hematite, 185. 
Sperrylite, 154. 
Spessartite, 244. 
Sphalerite, 142. 
Sphene, 283. 
Sphenoid, 35. 
Sphenoidal class, 35. 
Spinel, 187. 

Spinel Group, 187. 
Spodumene, 233. 
Stalactitic structure, 58. 
Stannite, 151. 
Staurolite, 264. 
Steatite, 280. 

Stellated structure, 58. 
Stephanite, 163. 
Stibnite, 135. 
Stilbite, 268. 
Stromeyerite, 142. 
Strontianite, 216. 
Strontium, tests for, 109. 
Structure of minerals, 57. 


Sublimates in closed tube, 88. 


Sublimates in open tube, 87. 
Sublimates on charcoal, 86. 
Submetallic luster, 67. 
Sulphides, 133. 

Sulphur, 122. 

Sulphuric acid, 93. 

Sulphur, tests for, 109. 
Syenite, 331. 

Sylvanite, 157. 

Sylvite, 168. 


INDEX 


Symmetry, 7. 
Symmetry axis, 7. 
Symmetry center, 8. 
Symmetry plane, 7. 


ly. 


Tabular structure, 58. 
Talc, 280. 

Tantalite, 284. 

Tarnish, 68. 

Tellurium, 123. 
Tellurium, tests for, 110. 
Tenacity of minerals, 62. 
Tennantite, 162. 
Tenorite, 181. 
Tephroite, 248. 

Test papers, 92. 
Tetragonal axes, 31. 
Tetragonal combinations, 34. 
Tetragonal minerals, 356. 
Tetragonal prisms, 32. 
Tetragonal pyramids, 32, 33. 
Tetragonal system, 31. 
Tetragonal symmetry, 31. 
Tetragonal trisoctahedron, 20. 
Tetrahedral class, 27. 
Tetrahedrite, 162. 
Tetrahedron, 28. 
Tetrahexahedron, 19. 
Thomsonite, 271. 
Thorite, 254. 

Thulite, 258. 
Tiemannite, 144. 
Tiger’s eye, 176. 

Tin minerals, 325. 

Tin stone, 193. 

Tin, tests for, 111. 
Titanic iron ore, 186. 
Titanite, 283. 

Titanium minerals, 326. 
Titanium, tests for, 111. 
Topaz, 254. 
Tourmaline, 262. 
Trachyte, 333. 
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Trapezohedral class, 45. 
Trapezohedron, 20. 
Travertine, 206, 336. 
Tremolite, 237. 
Triclinic axes, 54. 
Triclinic domes, 55. 
Triclinic minerals, 363. 
Triclinic pinacoids, 56. 
Triclinic prisms, 55. 
Triclinic pyramids, 55. 
Triclinic symmetry, 55. 
Triclinic system, 54. 


Trigonal trisoctahedron, 22. 


Trimorphism, 80. 
Triphylite, 287. 
Tripolite, 178. 
Tri-rhombohedral class, 45. 
Trisoctahedron, 22. 
Tristetrahedron, 29. 
Trona, 220. 

Troostite, 249. 

Tungsten minerals, 326. 
Tungsten, tests for, 111. 
Turgite, 198. 

Turmeric paper, 92. 
Turquois, 294. 

Twin crystals, 15. 


U. 


Uneven fracture, 60. 
Uralian emeralds, 247. 
Uraninite, 297. 
Uranium, tests for, 112. 
Uvarovite, 244. 


V. 


Vanadinite, 291. 
Vanadium minerals, 327. 
Vanadium, tests for, 112. 
Variegated copper ore, 149. 


INDEX 


Veins and vein minerals, 349. 
Verd antique marble, 279. 
Vesuvianite, 251. 

Vitreous luster, 66. 
Vitrophyre, 333. 

Vivianite, 293. 

Voleanic rocks, 330, 332. 


Ws 


Warrenite, 160. 
Water, tests for, 101. 
Wavellite, 294. 
Wernerite, 250. 
Wet reagents, 92. 
White iron pyrites, 155. 
Willemite, 249. 
Witherite, 215. 
Wolframite, 307. 
Wollastonite, 235. 
Wulfenite, 308. 
Wurtzite, 148. 


xs 
Xenotime, 286. 


b's. 
Yellow copper ore, 150. 


Z. 


Zeolites, 267. 

Zinc blende, 142. 
Zincite, 180. 

Zine minerals, 327. 
Zinc, tests for, 112. 
Zinkenite, 160. 
Zircon, 252. 
Zoisite, 258. 


SHORT-TITLE CATALOGUE 


PUBLICATIONS 
JOHN WILEY & SONS 
NEw YORK 


Lonpoxn: CHAPMAN & HALL, LnantTep 


ARRANGED UNDER SUBJECTS 


Descriptive circulars sent on application. Books marked with an asterisk (*) are 


sold at net prices only. 


AGRICULTURE—HORTICULTURE— FORESTRY. 


All books are bound in cloth unless otherwise stated. 


Armsby’s Principles of Animal Nutrition............6+++s+++++2++++--8V0, $4 
* Bowman’s Forest Physiography. .... 2.2.0... 2ccescccccccerceecees 8vo, 5 
Budd and Hansen’s American Horticultural Manual: 
Part I. Propagation, Culture, and Improvement.............-. 12mo, 1 
Part II. Systematic Pomology........--+cesccsseccsccccvenss 12mo, 1 
Elliott’s Engineering for Land Drainage..........-..-+.++-+++++++++-12mo0, 2 
Practical Farm Drainage. (Second Edition, Rewritten.)........ 12mo, 1 
Fuller’s Water Supplies for the Farm. (In Press.) 
eReae a eeich BA ISHCATICIIS, «esos be ecesd 6+ 2 06 eo 0 o:0'o 0 010.00,055 55 '4'sue SOV OSE 
* Principles of Handling Woodlands.........-..+.++++++- Large 12mo, 1 
Green’s Principles of American Forestry.........6+++s+eee5 re pci ge | 
Grotenfelt’s Principles of Modern Dairy Practice. (Woll.).......---. 12mo, 2 
’ Hawley and Hawes’s Practical Forestry for New England. (In Press.) 
* Herrick’s Denatured or Industrial Alcohol..........-++-eseeeereee 8vo, 4 
*Kempand Waugh’s Landscape Gardening. (New Edition, Rewritten.)12mo, 1 
* McKay and Larsen’s Principles and Practice of Butter-making...... 8vo, 1 
Maynard’s Landscape Gardening as Applied to Home Decoration......12mo, 1 
Record’s Identification of the Economic Woods of the United States. (In Press.) 
Sanderson’s Insects Injurious to Staple Crops...--.----+++++++++++ 12mo, 1 
* Insect Pests of Farm, Garden, and Orchard. .........--. Large 12mo. 3 
* Schwarz’s Longleaf Pine in Virgin Forest. ...-.+++++eeeeeseerees 12mo, 1 
* Solotaroff’s Ficld Book for Street-tree Mapping.....+.--++-+++++: 12mo, 0 
Raids of Ose Oren. a. oe cee tc ec ieee 5 seh esa tas cece sulasieee 8 
* Shade Trees in Towns and Cities.......-+-++++eeereeereeeee 8vo, 3 
Stockbridge’s Rocks and Soils........+-+++-ererrertersresrsee estes 8vo, 2 
Winton’s Microscopy of Vegetable Foods........+++-++erserrererrees 8vo, 7 
Woll’s Handbook for Farmers and Dairymen......+.++++eseeeer ee rees 16mo, 1 
ARCHITECTURE. 
* Atkinson’s Orientation of Buildings or Planning for Sunlight........ 8vo, 2 
Baldwin’s Steam Heating for Buildings....----+-+-++++rrrsrrrrtee eee Z 
St ICI 0, 


Berg’s Buildings and Structures of American Railroads 
i 


50 


50 
00 


Birkmire’s Architectural Iron and Steel.........0022-+-+eeeceecesee es BVO, 


Compound Riveted Girders as Applied in n Buildings Se hen de idee ..-8vO, 
Planning and Construction of High Office Buildings.............-8vo, 
Skeleton Construction in Buildings.. oo cepabias De Sa an ee tee ee bie 
Briggs’s Modern American School Buildings. a ates a alee A a ale elles és 7 -v ONO; 
Byrne’s Inspection of Materials and Workmanship Employed in rere 
mo, 
Carpenter’s Heating and Ventilating of Buildings............-...----+-- 8vo, 
* Corthell’s Allowable Pressure on Deep Foundations..............-+.+ 12mo, 
* Eckel’s Building Stones and Clays... ... 00. cc .cceacnscesecese- oes 8vo, 
Freitag’s Architectural Engineering. - h disse Pei 6.5m aaiot Resale ate eonel ie alee pom 
Fire Prevention and Fire Protective. ia Press.) 
Fireproofing of Steel Buildings.............--+-2e-eeeeeeeeeeceee 8vo, 
Gerhard’s Guide to Sanitary Inspections. (Fourth Edition, Entirely Re- 
Wised And UalareAd) .cc0ce wialeels ono costae on'= eee ree 12mo, 
* Modern Baths and Bath POuses....-.2<+<cscc sicwescaceswewacewe 8vo, 
Sanitation of Public Buildings.. SPE rE Re en a ee. 
Theatre Fires and Panics.. .12mo, 
* The Water Supply, Sewerage and Plumbing of “Modern City Buildings, 
8vo, 
Johnson’s Statics by Algebraic and Graphic Methods..................8vo, 
Kellaway’s How to Lay Out Suburban Home Grounds............... 8vo, 
Kidder’s Architects’ and Builders’ Pocket-book................-16mo, mor., 
Merrill’s Stones for Building and Decoration.............e.0e--eeeeee 8vo, 
Monckton’ SStair-MiWieine.. «5 cicicic «s3<'<o ctaia c(eimsinipive Mien tas a os mathe ne raat Ato, 
Patton's Practical Treatise on Foundations................2+---ee0:: 8vo, 
eapody suNavial ArcuMsecCure. ./.1<:+i< 5 <lo'suicln = 5 wee oem aim 'w aie eit 8vc, 
Rice’s Concrete-block Manufacture. . : ww algal Srsaaier  e 
Richey’s Handbook for Superintendents oF’ Construction Bead 24 1 16mo, mor. 
Building Foreman’s Pocket Book and Ready Reference. . 16mo, mor. 


* Building Mechanics’ Ready Reference Series: 


* Carpenters’ and Woodworkers’ Edition............ 16mo, mor. 

* Cement Workers’ and Plasterers’ Edition...........16mo, mor. 

* Plumbers’, Steam-Fitters’, and Tinners’ Edition. . .16mo, mor. 

* Stone- and Brick-masons’ Edition...............- 16mo, mor. 

Sabin’s House Painting....... i sfaieke ots EN 
Siebert and Biggin’s Modern Stone-cutting ‘and Masonry... Sofetiewein 8vo, 
Snow’s Principal Species of Wood.. ra sie, Srp inl Atetwitae Sere 8vo, 
Wait’s Engineering and Architectural Jurisprudence... sip ah ate in aha ES 
Sheep, 

Rawat Contracus...csesss «te ceieels ee re eee yo Go 8vo, 
Law of Operations Preliminary to Construction in Engineering and 
MPCHIPGESEUTEG Sesricaisidis cies vio.0% aaleleone wictels eee ci aaa whale wishes Vs 

Sheep, 

Wilson’s Airc Conditioning: cn: a-hw.chmis alee ciaeriente PIES Healti so 


Worcester and Atkinson's Small Hospitals, Establishment and Maintenance, 
Suggestions for Hospital Architecture, with Plans for a Small 
Hospital’: catdiheis) ase eevee ore iceman eiecee eee liste, 1) ALND 


ARMY AND NAVY. 


Bernadou's Smokeless Powder, Nitro-cellulose, and the Theory of the Cellu- 


POSCURIGIOCIIIE NS «ci tetasrej suche, sdabans tncteie trate acter ten pecans reeeeae -«. -12mo, 

Chase's Art offPattern Making... 0.5.0.5 cures cans midge ravaudisie wis fehaare 12mo, 
Screw Propellers and Marine Propulsion...................++++++-8V0, 

* Cloke’s Enlisted Specialists’ Rxaminers...i7...- deci see meteb sess ea MOS 
WGA EL BPO MTER ET re osc cos woe wernt aperawebreumiele cies ac Me ita . .8vo, 
Oralsig: Naiman. ert. ois reels to «a leaner aint Sievert ora 4to, 
Crehore and Squier's Polarizing Photo-chronograph................2e0- .8vo, 
* Davis's Elements of Law.. ‘ i aoe, ett 
* Treatise on the Military ‘Law of dinited ‘States. sable sus cx se Ssiigepe ot het te 8vo, 


* Dudiey's Military Law and the Procedure of Courts-martial...Large 12mo, 
Durand’s Resistance and Propulsion of Ships.....:.........0++,-+0+..8VG. 
™ Dyer's Handbook of Light Artillery cepea, «sles dao ose ckn ages -12mo, 
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Beiicster's Modern High Exolosives. ......... 2... 2c ccc cece seveeseys 8vo $4 00 

_* Fiebeger’s Text-book on Field Fortification................ Large 1gma, 2 00 

_ Hamilton and Bond’s The Gunner's Catechism.......................18mo, 1 00 
* Hoff’s Elementary Naval Tactics. .............0ccceecceccevcees Pea 8vo, 1 50 
Ingalls’s Handbook of Problems in Direct Fire.......................8vo, 4 00 

EEE Nocti WotR... os)... 500-20: --cco den. 8vo, 3 00 

| * Lissak’s Ordnance and Gunnery............02 0000s cece cece ee eee e es BVO, 6 00 
* Ludlow’s Logarithmic and Trigonometric Tables..................... :Bv0, 1 00 
* Lyons’s Treatise on Electromagnetic Phenomena. Vols. I. and IL..8vo,each, 6.00 
* Mahan’s Permanent Fortifications. (Mercur.)..-...........8vo, half mor. 7 50 
Manual for Gourts-martinl............:,\--.2:s«.+-..++:+---0. 46mo, moe. 1.50 
7 Meyenrs Attack of Portified Places... 2... 0.2 cn swe es vs ee ease 12mo =; 00 

Se Eeperieetrte 0k Gantt AEE GE WAL 6 ore 5:55 arin. Sissies a aibiewian ds Os Soa rypaels 8vo, 4 00 
UR RI ese MGNGALy. ou 4. co bisia's fect > pelos crabs. stole eee 24mo, 1 00 
SSE SG EES QS cnt, er ae eee S acre 8vo, 7 50 
® Phelps’s Practical Marine Surveying......... 2... .2.<00s- cence e evens 8vo, 2 50 
SReREeREL CERIN TERSCAL CETES. << . bis s)s1c ps Clee fore i soves a sbeiwinlaws Ochs afele wiSte dhe 8vo, 2 00 
Rust’s Ex-meridian Altitude, Azimuth and Star-Finding Tables........8vo, 5 00 
* Selkirk’s Catechism of Manual of Guard Duty................... 24mo, 0 50 
Sharpe’s Art of Subsisting Armies in War....................-.18mo, mor. 1 50 
* Taylor’s Speed and Power of Ships. 2 vols. Text 8vo, plates oblong 4to, 7 50 
* Tupes and Poole’s Manual of Bayonet Exercises and Musketry Fencing. 

- 24mo, leather, 0 50 
® Weaver's Military Explosives...... 2... ..250 020. cescccecsepsvesens 8vo, 2 00 
* Woodhull’s Military Hygiene for Officers of the Line......... Large 12mo, 1 50 

ASSAYING. 
Betts’s Lead Refining by Electrolysis.............-++-+-++: ease alta 8vo, 4 00 
*Butler’s Handbook of Blowpipe Analysis............-++-+2e+eeeers 16mo, 0 75 


Fletcher's Practical Instructions in Quantitative Assaying with the Blowpipe. 


16mo, mor. 1 50 
- Furman and Pardoe’s Manual of Practical Assaying............-+-++++: 8vo, 3 00 
Lodge’s Notes on Assaying and Metallurgical Laboratory Experiments..8vo, 3 00 
Low’s Technical Methods of Ore Analysis........---+-0s-0eseeeeeeees 8vo, 3 00 
Miller's Cyanide Process........-..0-0+- +s ee ceccereeeeeeeteeeeetees 12mo, 1 00 
Manual of Assaying.........-+-cceecc cree csr ccc rssceseeerees 12mo, 1 00 
Minet’s Production of Aluminum and its Industrial Use. (Waldo.)...12mo, 2 50 
Ricketts and Miller’s Notes on Assaying.........-+0-eeeseeeeeeeecree .8va, 3 00 
Robine and Lenglen’s Cyanide Industry. (Le Clerc.)....---+-++++++ 8vca, 4 00 
* Seamon’s Manual for Assayers and Chemists............... Large 12mo, 2 50 
Ulke’s Modern Electrolytic Copper Refining.......----++++eeeererers 8vo, 3 00 
Wilson's Chlorination Process........:+eeeeee eee errr ee ceeenes Aira be scctc amelie L ¥oi0, 
Cyanide Processes.....--+-+ecsecsererccerereencercncsnceees 12mo, 1 50 
ASTRONOMY. 
Comstock’s Field Astronomy for Engineers.......+-+.+-+eeeereeecrees .8vo, 2 50 
Meerette GS AZAMUGE, «0 - wie o snm owaietasine trite seer ssec css reascns dens 4to, 3 50 
Crandall’s Text-book on Geodesy and Least Squares.......+-++++0+++> 8vo, 3 00 
Doolittle’s Treatise on Practical Astronomy......-...+.+++ seer eereeeee .8vo, 4 00 
Hayford’s Text-book of Geodetic Astronomy......-.6+eeeseeeeeceenes 8vo, 3 00 
Hosmer’s Azimuth..........0.2-02 ee ee cece ereee! ts neces APO OL: aL OU 
* Text-book on Practical Astronomy......-+-+eeeeeeereerseeces 8vo, 2 00 
Merriman’s Elements of Precise Surveying and Geodesy......... gun 8VO, 2150 
* Michie and Harlow’s Practical Astronomy....--.-+++++sssserseeers 8vo, 3 00 
Rust’s Ex-meridian Altitude, Azimuth and Star-Finding Tables.......8vo, 5 00 
* White’s Elements of Theoretical and Descriptive Astronomy........ 12mo, 2 00 
CHEMISTRY. 

* Abderhalden’s Physiological Chemistry in Thirty Lectures. (Hall and / 

ae aes Ss Lh ete da) pits ps etainage , Paks; ory 
* a f Electrolytic Dissociation. (von Ende.).....+.-- mo, 

polio peat A (Matthews.).-.....8v0, 3 00 


Alexeyeft’s General Principles of Organic Syntheses. 
; 3) 


Allen’s Tables for Iron Analysis; sums «ce 0525's 6 solo sees seer aie ee 8vo, 
Armsby’s Principles of Animal Nutrition. ..:...2...¢s2«.eces0s-ser =e 8vo, 
Arnold’s Compendium of Chemistry. (Mandel.)................Large 12mo, 
Association of State and National Food and Dairy Departments, Hartford 
Meeting, FOOG. i c.c.c «nye alates. siela siete Maat eteie eta erate a ote 8vo, 
Jamestown Meeting, 1907... 3... se0xe ode i/ctwipiel= cis aco Oe nie pie ee eee 
Austen's Notes for Chemical Students. .2.ccc- «sc ste nals de a inate eels 12mo, 
Bernadou’s Smokeless Powder.—Nitro-cellulose, and Theory of the Cellulose 
Molecules is aace Wess Bods Sole nm ao ain elabsc oo ee rise Sates beers 12mo, 


Laboratory Methods of Inorganic Chemistry. (Hall and Blanchard.) 


8vo, 
* Bingham and White’s Laboratory Manual of Inorganic Chemistry...12mo. 
* Blanchard’s Synthetic Inorganic Chemistry. ....... wo Eee 


* Bottler’s German and American Varnish Making. (Sabin.)..Large 12mo, 
Browne’s Handbook of Sugar Analysis. (In Press.) 


* Browning’s Introduction to the Rarer Elements..................-.--+-8VO, 
+ "Butler's Handbook of Blowpipe Analysis...2...2. 7... 25... 2eheeees s 16mo, 
* Claassen’s Beet-sugar Manufacture. (Hall and Rolfe.)................8vo, 
Classen’s Quantitative Chemical Analysis by Electrolysis. (Boltwood.).8vo, 
Cohn’s Indicators;and! Pest-paperse. .ceeatesina,.< ajc.’ = o's ble « os Cea 
Tests’and Reastnts) 9 ost ndstax,. ok: s<k Sees co eo 8vo, 

Cohnheim's Functions of Enzymes and Ferments. (In Press.) 
* Danneel’s Electrochemistry. (Merriam.)...................- 12mo, 
Dannerth’s Methods of Textile Chemistry...................-e-000- 12mo, 
Duhem’s Thermodynamics and Chemistry. (Burgess.)................8vo, 
Effront’s Enzymes and their Applications. (Prescott.)............... 8vo, 
‘Bissicr’s Modern. High, xplosives. 2a... <<. sas os a4 low Chie ckleceee cee 8vo, 
Peupesoiet Ss CEG emlasinn.< t... 5 otiacrecde hohe artes Cerna et Seen Oe 8vo, 
2 Phvpiclosy of Alimentation. )-:sicboes es aatee tee oa ee Large 12mo, 


Fletcher’s Practical Instructions in Quantitative Assaying with the Blowpipe. 
16mo, mor. 


Kowler's Sewage Works Analyses, «0... -scicsis «nicnie sori eee oe ee ee 

Fresenius’s Manual of Qualitative Chemical Analysis. (Wells.).......... 8vo, 
Manual of Qualitative Chemical Analysis. Part I. Descriptive. (Wells.)8vo 
Quantitative Chemical Analysis. (Cohn.) 2 vols.............-. 8vc, 

When Sold Separately, Vol. I, $6. Vol. II, $8. 

Fuertes’s Water and Public Health....... ss spies slv cuaeetantioee SARS - 12mo, 

Furman and Pardoe’s Manual of Practical Assaying................-. 8vo, 

* Getman’s Exercises in’ Physical Chemistry. ..............+e+escceser 12mo, 

Gill’s Gas and Fuel Analysis for Engineers.................cecceelee 12mo, 


Gooch’s Summary of Methods in Chemical Analysis. (In Press.) 
* Gooch and Browning’s Outlines of Qualitative Chemical Analysis. 


Large 12mo, . 
Grotenfelt’s Principles of Modern Dairy Practice. (Woll.)s Sone. seicdlemoy 
Groth’s Introduction to Chemical Crystallography (Marshall). ........12mo, 
* Hammarsten’s Text-book of Physiological Chemistry. (Mandel.).....8vo, 
Hanausek’s Microscopy of Technical Products. Winton.) wwsmccesens . .8vo, 
* Haskins and Macleod’s Organic Chemistry...........000c+ccceeeees 12mo, 
* Herrick’s Denatured or Industrial Alcohol....cccoscccccce sc occcccccce 8vo, 
Hinds’s Inorganic Chemistry...... wie’ Stvjn ahah wis Sustola ce Se ten te 8vo, 


* Laboratory Manual for Students.. =... ecko oc. eens ~ -L2m0; 

* Holleman’s Laboratory Manual of Organic Chemistry for Beginners. 

(OVE) ieee td eel Se 12mo, 

Text-book of Inorganic Chemistry. (Cooper i a.cet eee e ee Ieee OOS 

Text-book of Organic Chemistry. (Walker and Mott.) :.....x0: cvs ae SHOE 
Holley’s Analysis of Paint and Varnish Products. (In Press.) 

Sead andZine Pigments... ss. coc ne ee ae Large 12mo, 


making Alloys and Graphite... soc) cence ves oh aca, Large 12mo, 
Landater's Spectrum Analysis. (Tingle.)...2. 20.0. 0-00. onus acccsen 8vo, 
Lassar-Cohn's Application of Some General Reactions to Investigations in 
. Organie Chemistry. CDingle). oois.. os 0e.s cami nee we Des .12mo, 
Leach’s Inspection and Analysis of Food with Special Reference to State 
; « + ate yG, 


$3 00 
4 00 
3 50 
3 00 
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| Soe : 
Léb’s Electrochemistry of Organic Compounds. (Lorenz.).............. 8vo, 


Lodge’s Notes on Assaying and Metallurgi i 
Low's Technical Method of Ore ae Sc er torte et 4 Ove 
Lowe's Paint for Steel Structures...... 2.2.2.2... 000s. e cee i heey Saban 
Lunge’s Techno-chemical Analysis. (Cohn.)................-- Sas a 12mo, 
b McKay and Larsen’s Principles and Practice of Butter-making........ 8v0, 
Maire’s Modern Pigments and their Vehicles. ........... 002.00 ee ees 12mo, 
Mandel’s Handbook for Bio-chemical Laboratory...................+- 12mo, 
* Martin’s Laboratory Guideto Qualitative Analysis with the Blowpipe ; 
7 12mo, 


Mason's Examination of Water. (Chemical and Bacteriological.)......12mo, 
Water-supply. (Considered Principally from a Sanitary Standpoint.) 


* Mathewson’s First Principles of Chemical Theory..............-++-+- yer 
Matthews’s Laboratory Manual of Dyeing and Textile Chenistry.2t2s.-- 8vo. 
Textile Fibres. 2d Edition, Rewritten.............+.00.00s000: 8vo, 

* Meyer’s Determination of Radicles in Carbon Compounds. (Tingle.) 
OE ee ee Pe een een re 12mo 

Miller’s Cyanide Process........-..-0-0--eeee reece este eeeeeerees 12mo, 
Bieanal of Assaying... =. sacs sews dea te nese sees cose oatte es : 12mo, 
Minet’s Production of Aluminum and its Industrial Use. (Waldo.)...12mo, 
'® Mittelstaedt’s Technical Calculations for Sugar Works. (Bourbakis.) 12mo, 
Mixter’s Elementary Text-book of Chemistry..........--+0-+++++++: .12mo, 
Morgan’s Elements of Physical Chenrisbhty i. s-<6 oe Sate ie ieee vere LOO, 
* Physical Chemistry for Electrical Engineers.......--+-++-+e+0s00+ 12mo, 

* Moore’s Experiments in Organic Chemistry.......-----+-+++--+05 12mo, 
* Outlines of Organic Chemistry.......------seeee ee eeeeeeees 12mo, 
Morse’s-Calculations used in Cane-sugar Factories.........-......16mo, mor. 
* Muir’s History of Chemical Theories and Laws.......-+++++00-+++++ 8vo, 


Mulliken’s General Method for the Iden tification of Pure Organic Compounds. 
“Vol. I. Compounds of Carbon with Hydrogen and Oxygen. Large 8vo, 
Vol. II. Nitrogenous Compounds. (In Preparation.) 


j Vol. III. The Commercial! Dyestuffs......---.-+++++++: Large 8vo, 
* Nelson’s Analysis of Drugs and Medicines... ...---g-+-++-e+++++ 12mo, 
Ostwald’s Conversations on Chemistry. Part One. (Ramsey.). bso ore LIAO, 

* oe = wi Part Two. (Turnbull.)..... 12mo, 

* Introduction to Chemistry. (Hall and Williams.)...... Large 12mo, 
Owen and Standage’s Dyeing and Cleaning of Textile Fabrics.......... 12mo, 
* Palmer's Practical Test Book of Chemistry. ...-..--+++s++-- so srrcee 12mo, 


* Pauli’s Physical Chemistry in the Service of Medicine. (Fischer.)..12mo, 
Penfield’s Tables of Minerals, Including the Use of Minerals and Statistics 
: of Domestic Production......---+22+eserrressrereereeeees 8vo, 
Pictet’s Alkaloids and their Chemical Constitution. (Biddle.)......... 8vo, 
Poole’s Calorific Power of Fuels......-..++-+++++++-00088 
Prescott and Winslow's Elements of Water Bacteriology, with Special Refer- 
ence to Sanitary Water Analysis........--.-++-++e+eerreree .12mo, 


* Reisig’s Guide to Piece-Dyeing...0<iccesesecnrccscreccessnassses es sBVO, 
Richards and Woodman’s Air, Water, and Food from a Sanitary Stand- 
. TET a SUSI Pe en Pitre Oe Caine ied any ee eos 8vo. 
‘Ricketts and Miller’s Notes on Assaying....-..+-+--++serrrrrrerrrees .8vo, 
Rideal’s Disinfection and the Preservation of Food..........1.+++2000 .8vo, 
Riggs’s Elementary Manual for the Chemical Laboratory.....--.++++++ .8vo, 
Robine and Lenglen’s Cyanide Industry. (Le Clerc.)....+-+++seeeees 8vo, 
Ruddiman’s Incompatibilities in Prescriptions......--+++++++rreeerree 8vo, 
Whiys in Pharmacy.......----sserecrscerressssrseenceees 12mo, 

* Ruer’s Elements of Metallography. (Mathewson.) ...--++++++eeeees 8vo, 
Sabin’s Industrial and Artistic Technology of Paint and-Varnish. ..... .8vo, 
Salkowski’s Physiological and Pathological Chemistry. (Orndorff.)..... 8vo, 
* Schimpf’s Essentials of Volumetric Analysis ....-------+++-> Large 12mo, 
Manual of Volumetric Analysis. (Fifth Edition, Rewritten).....8vo, 

* Qualitative Stemical Analysissscecn mcr cn racer maces oss es = « 8vo, 

%* Seamon’s Manual for Assayers and Chemists.........+++-++- Large 12mo, 
Smith’s Lecture Notes on Chemistry for Dental Students....---.---- *.8vo, 
Spencer’s Handbook for Cane Sugar Manufacturers........++++++ .16mo, mor. 
Handbook for Chemists of Beet-sugar Houses.......-.---++-16mo, mor. 
Stockbridge’s Rocks and RAE 0 esos (dana) Coc OS In at 8vo, 
Stone’s Practical Testing of Gas and Gas MeterS......++++++0r° seeeees 8vo, 
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* Tillman’s Descriptive General Chemistry............-0000eee0+ee+++-8VO, 
a * Elementary ‘Lessons in) Fleat.i2, «<> sss sual ORG RES eee 8vo, 
Treadwell's Qualitative Analysis.’ (Hall).o.5 322.4500 eae oe eee 8vo, 
Quantitative Analysis; (Hall) ©... canscneiene et eee SUo eee 8vo, 
Turneaure and Russell’s Public Water-supples...............+++++++++-8VO, 
Van Deventer’s Physical Chemistry for Beginners. (Boltwood.)..... 12mo, 
Venable’s Methods and Devices for Bacterial Treatment of Sewage.....8vo, 
Ward and Whipple’s Freshwater Biology. (In Press.) 
Ware's Beet-sugar Manufacture and Refining. Vol. I..............ee. 8vo, 
” sd - aS “ Wolk, fh .n.. Genka ona eve 
Washington’s Manual of the Chemical Analysis of Rocks................8¥0, 
* Weavers -Malitary, explosives'.2. .% sceitcesl os oleae Lene 8vo, 
Wells’s Laboratory Guide in Qualitative Chemical Analivsisc.g-2 sane cee 8vo, 
Short Course in Inorganic Qualitative Chemical Analysis for Engineering 
Students: .....12.ce. scanwe oo eh eae Le. ee SOS ee 12mo, 
Text-book of Chemical Arithmetic..........).......+..+2s-+s+..,12mo, 
Whipple’s Microscopy of Drinkingwater, 2% (ese. ste a. See tae Caw 
Wilson’s Chlorination Process.............-.-2-ee6 12mo, 
Cyanide’ Processdsttrad 5 3.0 sheaies sll ein ee, eae 12mo, 
Winton’s Microscopy of Vegetable Foods...... 6 ae on = ere a AOR 8vo, 
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BRIDGES AND ROOFS. HYDRAULICS. MATERIALS OF ENGINEER- 


ING. RAILWAY ENGINEERING. 


* American Civil Engineers’ Pocket Book. (Mansfield Merriman, Editor- 


JU-CHIGE) 7. so Eick ciate Ste acer seek aoe ee ae 16mo, mor. 

Baker’s Engineers’ Surveying Instruments............. SPN ea ee ee 
Bixby’s Graphical Computing Table................ Paper 194 X 24} inches. 
Breed and Hosmer’s Principles and Practice of Surveying. Vol. I. Elemen- 
tary Surveying........ ou Qa = Sheddid TET ee 8vo, 

Vol. - “Higher Surveying ui ante. eee ae © ...8vo, 

* Burr’s Ancient and Modern Engineering and the Isthmian Canal...... 8vo, 
Comstock’s Field Astronomy for Engineers 34: <ccati cco ee 8vo, 
* Corthell’s Allowable Pressure on Deep Foundations ............... 12mo, 
Crandall’s Text-book on Geodesy and Least WQUATES.2, £2 4S eee 8vo, 
Davis's Elevation and Stadia Tables................--00-.000 000 8vo, 
* Eckel’s Building Stones and Clays 28 Sees, eee 8vo, 
Elliott’s Engineering for Land Drainage....... 12mo, 
* Fiebeger’s Treatise on Civil Engineering............... 8vo, 
lemer’s Phototopographic Methods and Tnstruments..2...0.ees. 8vo, 
Folwell’s Sewerage. (Designing and Maintenance.)i.st2s0so< one .8vo, 
Freitag’s Architectural Engineering. i. ..cneneewk ced 8vo, 
French and Ives’s SbQTEOH OMY As cm laca dios wc ete 8vo, 


Gilbert, Wightman, and Saunders’s Subways and Tunnels of New York. 
(In Press.) 
* Hauch and Rice’s Tables of Quantities for Preliminary Estimates... 12mo, 
Hayford’s Text-book of Geodetic Astronom yes cic 4 cca sik So ee 8vo, 
Hering’s Ready Reference Tables (Conversion Fastorsaiwisconec: 16mo, mor. 
Plosmer's Azimuth... ....<c.sece lock. Sete cece nee eeeeeeesse+.16mo, mor. 
* Text-book on Practical Astronomy 


Win (a Bio tel aie eiaiattet ealaldar Ses CGS 8vo, 

Howe’s Retaining Walls for Earth..........sceeesceecsccccce eee. 12mo, 
* Ives’s Adjustments of the Engineer's Transit and Level....... 16mo, bds. 
Ives and Hilts’s Problems in Surveying, Railroad Surveying and Geod- 
NOSY sesaialiesesSE = <Te's io nahin nie ler ore Salih cre epee POSS See ee 16mo, mor. 

* Johnson (J.B.) and Smith's Theory and Practice of Surveying. Large 12mo, 
Johnson's (L. J.) Statics by Algebraic and Graphic Methods............. 8vo, 
* Kinnicutt, Winslow and Pratt’s Sewage Disposalis.... (see 4» .8VO, 
* Mahan’s Descriptive Geometry............. wie) ye lelinte ele laqeiese)aiein a 215 'cte al SOE 
Merriman’s Elements of Precise Surveying and Geadesyiaen lets. HSE 8vo, 
Merriman and Brooks’s Handbook for DSUFVEYOIS ce MeL eee. 16mo, mor. 
Nugent's Plane Surveying...........0. Re aye ee ee 8vo, 
Ogden's Sewer Construction...... 2 . -8Vvo, 
Sewer DeSwin ican sow'su vel RWRgiad Aeiaate oe qs Ste gee 12mo, 
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dences, Hotels, and Institutions. (In Press.) 


Ogden and Cleveland’s Practical Methods of Sewage Disposal for Resi- 
Parsons's Disposal DOES i oS Sy ee er eee 3 a 8vo 

Patton's Treatise on Civil Engineering............. +....8vo, half leather, 

2 Reed 's Topographical Drawme and Sketching. +... )6055 000. ees eee Ato, 
Riemer s Shaft-sinking under Difficult Conditions. (Corning and Peele.).8vo. 

: Siebert and Biggin’s Modern Stone-cutting and Masonry.............. 8vo 
Smith’s Manual of Topographical Drawing. (McMillan.)................ 8vo, 
Soper’s Air and Ventilation of Subways............--2.seeseeeeeees 12mo, 
* Tracy’s Exercises in Surveying. ........sccceccceececcceees 12mo, mon s 


wee evs LOMO, Mor 
Sas see CONE: 


ency & Plane Surveying......0.2.-05 2. .cscccesews 
Venable’s Garbage Crematories in America........ 


a Methods and Devices for Bacterial Treatment ‘of ‘Sewage. Se 54 8vo, 
Wait'’s Engineering and Architectural Jurisprudence. ..56e..02 3s 50253 8VO, 
‘ Sheep, 

te MAC ee GL eiele s om ot ow we hd wha ates oe sie <imit, 8vo, 
Law of Operations Preliminary to Construction in Engineering and 

eS eVeRENE ESE ad oro erro wis ele ore ne we sie alle wie 'w'ss0, o's) nl ailerd stole 31g busts 8vo, 

Sheep, 


Warren's Stereotomy—Problems in Stone-cutting............-........--8V0, 
* Waterbury’s Vest-Pocket Hand-book of Mathematics for Engineers. 

2% X 5% inches, mor. 

* Enlarged Edition, Including Tables............-.--+---- eametectel 

_ Webb’s Problems in the Use and Adjustment of Engineering Instruments. 

16mo, mor. 


Wilson’s Topographic Surveying.......-.+-seeeeecceeeerececeeceees 8vo, 


BRIDGES AND ROOFS. 
Boller’s Practical Treatise on the Construction of Iron Highway Bridges..8vo, 


* Thames River Bridge... ....-----+eeeceecc eect eeeee Oblong paper, 
Burr and Falk’s Design and Construction of Metallic Bridges.......... &vo, 
Influence Lines for Bridge and Roof Computations..........-+...+++ 8vo, 

Du Bois’s Mechanics of Engineering. Wol Tee ices clewlines 07 ALL AO, 
Foster’s Treatise on Wooden Trestle Bridges........-+--++++eeeeesress Ato, 
Fowler's Ordinary Foundations........-..-+0--eseeeeeeececeeeceeees -8vo, 
Greene’s Arches in Wood, Iron, and Stone.......--+-+eeeeserererrrees 8vo, 
Bridge Trusses. .....---seccccvccrcceccssecccecscnecssssrcess 8vo, 
8vo, 


Grimm’s Secondary Stresses in Bridge Trusses.....+++++seeeeeeeeserees 
Heller's Stresses in Structures and the Accompanying Deformations... .8vo, 
Howe’s Design of Simple Roof-trusses in Wood and Steel...............8V0. 


Symmetrical Masonry Arches.......--+++++sererereeeecrerceeess 8vo, 
Treatise on Arches.....------cececccc ccs cscccecerecennesseers 8vo, 
* Hudson’s Deflections and Statically Indeterminate Stresses .... . Small 4to, 
* Plate Girder Design. .........-ssseecec cece sete ese sec ntrees 8vo, 


* Jacoby’s Struc tural Details, or Elements of Design in Heavy Framing, 8vo, 
Johnson, Bryan and Turneaure’s Theory and Practice in the Designing of 


Modern Framed Structures.....---+seecrererserseeee Small 4to, 
* Johnson, Bryan and Turneaure’s Theory and Practice in the Designing of 
3 Modern Framed Structures. New Edition. Pack Tt ea. 8vo, 
* Part Il. New Edition.......----0.ccesrsececsscceseeerenss 8vo, 
Merriman and Jacoby’s Text-book on Roofs and Bridges: 
Part I. Stresses in Simple Trusses......---+-++¢ PR WK TAe IRE 8vo, 
Part II. Graphic Statics.....---- sacseesceeceserererscasiceecs 8vo, 
Pare iil. Bridge Design... 2.) 2 ese ew ct sere cee eesr nesters 8vo, 
Part [Vo Higher Structures. ....002020ceesceseesseccr ence cesses 8vo, 


Ricker’s Design and Construction of Roofs. (In Press.) 
Sondericker’s Graphic Statics, with Applications to Trusses, Beams, and 


Pirohies ae tena oe come cionce messes tse sss core etee eres eeres 8vo 

Waddell’s De Pontibus, Pocket-book for Bridge Engineers...... .16mo, mor. 

* Specifications for Steel Bridges......000- es sceercersneeste st: .12mo, 
Waddell and Harrington’s Bridge Engineering. (In Preparation.) 

HYDRAULICS. 

Barnes’s Ice Formation........---+++-+:sstt1 rst eeaeeseeenees see .8vo, 

Bazin’s Experiments upon the Contraction of the Liquid Vein Issuing pace 

: Ser ya canis odin MOOR 


an Orifice. (Trautwine.)..----..+-+++- 
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Bovey’s Treatise on Hydraulics. . PPP CERT ET Pi ey Peer neo <O¥O, $5 
Church’s Diagrams of Mean Velocity of Water i in n Open Channels. 
Oblong 4to, paper, 
Hydrate Motors: Jsece Bsus odac sp dias > sta ea Sis ele ee Steals ee el ates 8vo, 
Mechanics of Fluids (Being Part IV of Mechanics of Engineering) . .8vo, 
Coffin’s Graphical Solution of Hydraulic Problems............- 16mo, mor. 
Flather’s Dynamometers, and the Measurement of Power............12mo, 
Folwell’s Watér-supply, Enoineering.. --3...4 2c. = ce biew wb males aisle aie cake 8vo, 
Frizell’s, Water-powet. s a<c fc au css: aleldin Gicvaleies SoG name wie soe ae 8vo, 
Fuertesis Water-and Public Heatth: < 32). <x ~...0:0 stmaaowisee <fe menses 12mo, + 
Waterfltration: Wotks:. osc 0 adi. Gaede a wns taian ae 12mo, 
Ganguillet and Kutter’s General Formula for the Uniform Flow of Water in 
Rivers and Other Channels. (Hering and Trautwine.)....... 8vo, 
Hazen’s Clean Water and How to Get It...............2.22-- Large 12mo, 
Riltration of Public Watersapplies) 220.0. <<.62.c. see se ee 8vo, 
Hazelhurst’s Towers and Tanks for Water-works. . -8vo, 
Herschel’s 115 Experiments on the Carrying Capacity of Laree, “‘Riveted, Metal 
Conduttsng, « ccss.- 32 os ole wee owe pes aw eco cee eee 8vo, 
Foyt. and ‘Grover’s Riveesbischaree..g.dsss « 2 «Saleen pos dau ee oma cee ome 8vo, 
Hubbard and Kiersted’s Water-works Management and Maintenance. 
8vo, 
*Lyndon’s Development and Electrical Distribution of Water Power. 
8vo, 
Mason’s Water-supply. (Considered Principally from a Sanitary Stand- 
POHL) on stepers 0, 5 tha fare steno eee a Mites hotels id ee eee ce ee 8vo, 
* Merriman’s Treatise on Hydraulics. 9th Edition, Rewritten........ 8vo, ~ 
* Molitor’s Hydraulics of Rivers, Weirs and Sluices................--- 8vo, 
* Morrison and Brodie’s High Masonry Dam Design................. 8vo, 
* Richards’s Laboratory Notes on Industrial Water Analysis.......... 8vo, 
Schuyler’s Reservoirs for Irrigation, Water-power, and Domestic Water- 
supply. Second Edition, Revised and Enlarged....... Large 8vo, 
* Thomas and Watt’s Improvement of Rivers..........cccececcccccce 4to, 
Turneaure and Russell’s Public Water-supplies. . . .8vo, 
* Wegmann’s Design and Construction of Dams. | “6th Ed. “enlarged.. .-4to, 
Water-Supply of the City of New York from 1658 to 1895 tach tae Ato, 
Whipple's Value of Pure Water:..-: -..+oses «bees ce ene Large 12mo, 
Williams:and Hazen's Hydraulic Tables-< 720. soe e eae eee ee Vo, 
Wilson's) Irrigation: Engineering! \..<.. 20. ona eee soe eee coe 8vo, 
Waod’siParbinesstan cer saaite ics dct otactes He wee ee wie wie Sista esha 


MATERIALS OF ENGINEERING. 


Baker's Roads and Pavements... ....0.sssececcceess og elave 6. ivi staiicim ONE 
Treatise on Masonry Construction... w/e disease a eTahaink wide ofaleie an eewiae 
Black’s United States Public Works. . : a chetasieictiene Obipaks Ato, 
* Blanchard and Drowne’s Highwny., ‘Sapiaeere: as Presented at the 
Second International Road Congress, Brussels, 1910......... 8vo, 
Bleininger’s Manufacture of Hydraulic Cement. (In Preparation.) 
* Bottler’s German and American Varnish Making. (Sabin.). ponge 12mo. 
Burr’s Elasticity and Resistance of the Materials of Engineering... . .8vo, 
Byrne's Highway Construction.. .8vo, 
Inspection of the Materials and Workmanship Employed: in n Cdastraction: 
16mo, 
Shurehis Mechanics of Engineering; ....0.cccsicete's ers oot seeleee een 8vo, 
Mechanics of Solids (Being Parts I, II, III of Mechanics of Engineer- 
BIAS Sys ie, sie coo ougigi wievave’ Sik Ie oS cofene eet T ere Re eee 8vo, 
Du Bois’s Recs of Engineering. 
Wold; Kinematics, Statics, Kinetics: 59. . se. .e eee Small 4to, 
Vol. Il. The Stresses in Framed Structures, SRE of ata toa: and 
WACOTY. WIMEIOXULOS 6... csi cre. > Wi wiv ore cllunateie oie nets abe .-Small 4to, 
*'Beokel's Baiiieg Stones and 4Glays...... <0. soak ee 8vo. 
* Cemensaiimes apd Masters’... oc... cei. set laeen Owe 8vo, 
Fowler’s Ordinary Foundations.................. a9, # ake. shat Mapaus lathes ais nie OVD, 
* Greene's Stauctural Mechanics™.. iWin... ++ + a/c oe sue ou. dene ...8vo, 


Holley’s Analysis of Paint and Varnish Products, (In Press.) 
* Lead and Zine Pigments. Tete resect eeeessececes sss Large 12mo, 
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_ * Hubbard’s Dust Preventives and Road Binders 


Johnson's (C. M.) Rapid Methods for the Chemical Analysis of Special Steels, 


Steel-making Alloys and Graphite.................. 

Johnson's (J. B.) Materials of Construction................. pape 
NIE Ne es se beau p bine, 8vo, 
Lanza’s Applied Mechanics..............0.000e00008 ee 6 ER 8vo, 
| Lowe's Paints for Steel Structures.........--...:ssscecccceccctecs’ 12mo, 
Maire’s Modern Pigments and their Vehicles.............. aa ? : | 12mo, 
* Martin's Text Book on Mechanics. Vol. I. Statics........ 12mo, 
* Vol. Il. Kinematics and Kinetics. tale AES yh i Sn RIG 

* Vol. III. Mechanics of Materials..........................12mo, 
eeean Vecknsieal Mechiinics 20. .-. 4... b= secab ode es coveeaee unreal 8vo, 
Merrill's Stones for Building and Decoration.............-...-0-02008 Bro! 
Merriman’s Mechanics of Materials...........- 22.2 ccecesececccccess 8vo, 
ee Reeereiattts a0F DERUPTSRES, © Co. cain woicine 3 tie oc Je ble Ap uip bide vale a area 12mo, 
Metcalf’s Steel. A Manual for Steel-users...........--+.-+- poses Shei: 
Morrison’s Highway Engineering. ............222-+eeseceeencecceses + SVO, 
* Murdock’s Strength of Materials. ... 2.2... 2.22 eee eee c eee ee eens 12mo, 
Patton’s Practical Treatise on Foundations...........+---¢2+ee eens 8vo, 
Rice's Concrete Block Manufacture............222cccecercceercccnes 8vo, 
~Richardson’s Modern Asphalt Pavement...... J 2 OVD) 


Richey’s Building Foreman’s Pocket Book and Ready Reference.16mo, mor. 
* Cement Workers’ and Plasterers’ Edition (Building Mechanics’ Ready 
Reference Series)........ 222-22 2cccccescscccscercees 16mo, moz. 
Handbook for Superintendents of Construction.............16mo, mor. 
*Stone and Brick Masons’ Edition (Building Mechanics’ Ready 
Reference Series) .......62-eeececcecccccceceecceeees 16mo, mor. 

* Ries’s Clays: Their Occurrence, Properties, and Uses.........-+++.++ .8vo, 
* Ries and Leighton’s History of the Clay-working Industry of the United 


oe a ae oS eet ee Ree oy Pr a Url 8vo. 

Sabin’s Industrial and Artistic Technology of Paint and Varnish....... .8vo, 
* Smith's Strength of Material..........----e eee eee rere eee eeeees 12mo, 
Snow’s Principal Species of Wood.....-....s. 000 ee creer eee ee er ereees .8vo, 
Spalding’s Hydraulic Cement.......-.0--++eeeceerercrererererecees 12mo, 
Text-book on Roads and Pavements.........+6--+++++++++-...-.12mo, 

_ * Taylor and Thompson’s Concrete Costs .....----+--+++s++e Small 8vo, 
* Extracts on Reinforced Concrete Design......-..+-+++++e+eees 8vo, 
Treatise on Concrete, Plain and Reinforced. ..........2-++e+ +0008 8vo, 
Thurston’s Materials of Engineering. In Three Parts...,.........- +++ 8vo, 
Part I. Non-metallic Materials of Engineering and Metallurgy... .8vo, 
Part II. Iron and Nit Oke ee ee eee. dat teh mahouahe ein 
Part III. A Treatise on Brasses, Bronzes, and Other Alloys and their 
MvippinSi EMT Nee eae av icin do's ole o'tie spe h 9'9 9 «cereale (oie 6a 1ohe 8vo, 
Tillson’s Street Pavements and Paving Materials.......---+-++++-+++ 8vo, 
Turneaure and Maurer’s Principles of Reinforced Concrete Construction. 
Second Edition, Revised and Enlarged......+++++-++++++++5 8vo, 
Waterbury’s Cement Laboratory WMiasitial tee es Sa eva ee 12mo, 
- * Laboratory Manual for Testing Materials of Construction......12mo, 
Wood's (De V.) Treatise on the Resistance of Materials, and an Appendix on 
the Preservation of Timber.....--.+++eeeeeeeeesrrsreserecs 8vo, 


- Wood's (M. P.) Rustless Coatings: Corrosion and Electrolysis of Iron and 


Reema OME Oe, bie maid aide ela wie oS acne al dale wR 5i8) Sisinfole oi a'pis He 8vo, 


RAILWAY ENGINEERING. 


Andrews’s Handbook for Street Railway Engineers.....-. 3X5 inches, mor. 
Berg’s Buildings and Structures of American Railroads......-++.+++ se4to; 
Brooks’s Handbook of Street Railroad LOCA HO TLsac o-s10e.s' Bou, tog LOMO, MMOL. 
* Burt’s Railway Station Service ....-----++ee ss estr esse ten tseees 12mo, 
Butts’s Civil Engineer’s Field-book......+..++++-seeerereerrees 16mo, mor. 
Crandall’s Railway and Other Farthwork Tables.....-.-.2.8+2++++++++8V0, 
Crandall and Barnes’s Railroad Surveying ... .-----+eeeeeeeee 16mo, mor. 
* Crockett’s Methods for Earthwork Computations.......+++e+++eeees 8vo, 
Dredge’s History of the Pennsylvania Railroad. CASTO)cgatatsaie sentsin 8 Paper, 

ee Sao Cardboard, 


Fisher’s Table of Cubic Yards......----+++++seer0e770* nee 
Godwin’s Railroad Engineers’ Field-book and Explorers Guide. .16mo, mor. 
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Hudson’s Tables for Calculating the Cubic Contents of Excavations and Em- 


banilemenite, . J56 elon. 50-0 Js Ulbis weed eos e wa eian Se ae 8vo, $1 
Ives and Hilts’s Problems i in Surveying. Railroad Serveying and Geodesy 
16mo, mor. 1 

Molitor and Beard’s Manual for Resident Engineers.......-..2 «+++ 16mo, 1 

Nagle’s Field Manual for Railroad Engineers...........-- .---16mo, mor. 3 

* Orrock’s Railroad Structures and Estimates.........._..+--...+---..-8v0, 3 

Philbrick’s Field Manual for Engineers..................-..+--.-l6mo, mor. 3 

Raymond’s Railroad Field Geometry.......-..---+-+--02--++5 16mo, mor. 2 
Elements of Railroad Engineering...............-+-+- Sod atv ai eves 8vo, 3- 
Railroad Engineer’s Field Book. (In Preparation.) 

Roberts’ Track Formule and Tables. ...7.........5-ss2see505 16mo, mor. 3 

Searles's' Held Eneimeeking.. ren << bet tems 2ecwacls a stale aie 16mo, mor. 3 
Ne allroad nical: © seca. Mala nsieise eels Sis se mete sells eines poms 16mo, mor. 1 

Taylor’s Prismoidal Formule and Earthwork................-- -8vo, 1 

Webb’s Economics of Railroad Construction............-.- ; Lage 12mo, 2 
Railroad Construction. . 2. «..16mo0, mor. “5S 

Wellington’s Economic Theory ‘of ‘the “Location of Railways Loe Large 12mo, 5 

Wilson’s Elements of Railroad-Track and Construction... Sones Coe. Seaae ee 

DRAWING 

Barr and Wood’s Kinematics of Machinery. ..................-0.05- 8vo, 2 

* Bartlett's Mechanical Drawing Ss boc aiavey anya apie acm aieta pie tote’ meister 8vo, 3 

* Abridged Ed.. i. Sea eee eee Se 

* Bartlett and Johnson’s Engineering Descriptive Gesntey ea OR 8vo, 1 

Blessing and Darling's Descriptive Geometry. (In Press.) 

Elements of Drawing. (In Press.) ‘ 
Coolidge’s' Mantall of Drawing. .P!s. 5-2 woe ce onus cae oe viewe 8vo, paper, 1 
Coolidge and Freeman’s Elements of General Drafting for Mechanical Engir 
MEETS icc kd sree ead ae alae als idle oa ee ere Oph aieae ee men Oblong 4to, 2 

Durleysikimemiatics Of Machinés< 0. 05d aeen coed cnet Soest eee 8vo, 4 

Emch’s Introduction to Projective Geometry and its Application...... 8vo, 2 

Hill’s Text-book on Shades and Shadows, and Perspective .............. 8vo, 2 

Jamison’s Advanced Mechanical Drawing. ...2.2..... 00. .2e eu. wea 8vo, 2 
‘Blemeénts- of Mechanical, Drawing... occ s « dee sete cae eee eee 8vo, 2 

Jones’s Machine Design: 

Part I. Kinematics of Machinery. . ne ona ea ote ec ee 
Part II. Form, Strength, and Proportions. of ‘Pacts. tot Re ee be POO MmD 

eiimballiand: Bart's Machine Déesien 5... |. see eee cee eee eee 8vo, 3 

MacCord’s Elements of Descriptive Geometry...............cceeeeee 8vo, 3 
Kinematics; or, Practical Mechanism..7...cee sec coe eee 8vo, 5 
Mechanical, Drawings«...cr'ece<xsi as © «r's siete ele paie-tie eae ee ene Cee 
Velocity Disprams. (2.3.4. .As shine Ce see ok eee ee ee eee SvO;e s 

WelLeod's'Descriptive 'Geometry:.... vee de cen tebe coer ame Large 12mo, 1 

* Mahan’s Descriptive Geometry and CMs SS ANI IS Prd sa 8vo, 1 
Industrial Drawing. (Thompson)... ..i.cs..s «dee vom oe oa ne | OOM 

Moyer’s Descriptive Geometry... Mio isto .n ele wal Re tere) the cegdiets iy Cole Opa 

Reed’s Topographical Drawing and Sketching. . setae DRAG See ae eer 4to, 5 

* Reid’s Mechanical Drawing. (Elementary and Advanced.).......... 8vo, 2 
Text-book of Mechanical Drawing and Elementary Machine Design..8vo, 3 

Robinson’s Principles of Mechanism.................0.2 Sia Uae Rea 8vo, 3 

Schwamb and Merrill’s Elements of Mechanism........................-8V0, 3 

Smith (A. W.) and Marx’s Machine Design.. Rae are 8vo, 3 

Smith’s (R. S.) Manual of Topographical Drawida. (McMillan. Dicsteatel ric 8vo, 2 

* Titsworth’s Elements of Mechanical Drawing...............- Oblong 8vo, 1 

Tracy and North’s Descriptive Geometry. (In Press.) 

Warren's Elements of Descriptive Geometry, Shadows, and pay 8vo, 3 
Elements of Machine Construction and Drawing... .8vo, 7 
Elements of Plane and Solid Free-hand Geometrical Drawing. ik Secs 1 
General Problems of Shades and Shadows..............eeeececee 8vo, 3 
Manual of Kiementary Problems in the Linear Perspective of Forms and 

DHACO Rs rrtrao al pins veins aMYrigi e's «ays Oe ehles eveia eee -12mo, 1 

Manual of Elementary Projection Drawing.................... 12mo, 1 

Plane Problems in Elementary Geometry....... PE? OP em ne 12mo, 1 
Weisbach’s Kinematics and Power of Transmission. (Hermann and 

Eileins}i.. scotese in i900 Ow FORMER eae eee, cae Riviieieje-wisl a /eiemaa ole ONE 


: 


‘ 


Wilson’s (H. M.) Topographic Surveying.............. 2c eee e cece eee 8vo, $3 SR 


- * Wilson’s (V. T.) Descriptive RSME yee Mia dosne tts oe oct eee em COOL 


Free-hand Lettering... ..<6.6.cecessees eS a ee ee 8vo,, 
OS SS rR SE Se ged Se SS Ay een, neers meer: 8vo, 
_ Woolf's Elementary Course in Descriptive Geometry.........-- Large 8vo,. 


ELECTRICITY AND PHYSICS. 


* Abegg’s Theory of Electrolytic Dissociation. (von Ende.)......... 12mo, 
Andrews’s Hand-book for Street Railway Engineers....... 3X5 inches mor- 
Anthony and Ball’s Lecture-notes on the Theory of Electrical Measure- 

ES ee Ee a he Se nie tine sre te 
Anthony and Brackett’s Text-book of Physics. (Magie.)... . Large I12mo, 
Benjamin’s History of Electricity..........-.-----eseeee secre eeeeee 8vo, 
Betts’s Lead Refining and Electrolysis. .........---.--0seeeeeeereeeee 8vo, 
* Burgess and Le Chatelier’s Measurement of High Temperatures. Third 

«ea eee a eran Sten, eer eee ee eterna 8vo, 
Classen’s Quantitative Chemical Analysis by Electrolysis. (Boltwood.).8vo, 
* Collins’s Manual of Wireless Telegraphy and Telephony..........-. 12mo, 
Crehore and Sauier’s Polarizing Photo-chronograph.......-.-.+-++++++- -8vo, 
* Danneel’s Electrochemistry. (Merriam.)..... IRS econ y 


Dawson’s ‘‘ Engineering”’ and Electric Traction Pocketbook. G .16mo, mor- 
Dolezalek’s Theory of the Lead Accumulator (Storage Battery). « (von Ende.) 


: 12mo, 
Duhem’s Thermodynamics and Chemistry. (Burpess:) ccs... c sisi min te 8vo, 
Flather’s Dynamometers, and the Measurement Of POWER. jos sued 12mo, 
* Getman’s Introduction to Physical Science. .....--++eeeeereeeeee 12mo, 

_ Gilbert’s De Magnete. (Mottelay )........c-seeese ee ee ee rrreeeereees -8vo, 
* Hanchett’s Alternating Currents. .......--..seeseeeeeerreese cesses .12m0a, 

-Hering’s Ready Reference Tables (Conversion Factors)......-- 16mo, mor. 

_* Hobart and Ellis’s High-speed Dynamo Electric Machinery.........- 8vo, 
Holman’s Precision of Measurements.......0-+-2-++eserereeeeeseseee 8vo,. 

. Telescope-Mirror-scale Method, Adjustments, and Tests..... Large 8vo, 

_* Hutchinson’s High-Efficiency Electrical Illuminants and Illumination. 

: Large 12mo, 

© * Jones’s Electric Ignition. ......-----+eseeerercstrtr erst eeseee 8vo, 
Karapetoft’s Experimental Electrical Engineering: 

AER BU hg ha ec ash ie ofrirne/ ale nent TR Ste Ag Ns 2 PRO SS 8vo, 
RE bsery. hF ecw p Simrinig Tee ae ie oo mr Is legis ie tel ae, 26 Fe 8va,. 
Kinzbrunner’s Testing of Continuous-current Machixies. 4.000 evs) n ae e's~ 8vo, 

_ Landauer’s Spectrum Analysis. CT argh) adsicw acei< daivieiy ais 0% Hpmeiel hie 8vo, 
Léb’s Electrochemistry of Organic Compounds. (Lorenz.).....+.++++++ .8vo, 
* Lyndon’s Development and Electrical Distribution of Water Power. -8va, 
* Lyons’s Treatise on Electromagnetic Phenomena. Vols, I. and II. 8vo, each, 

_ * Michie’s Elements of Wave Motion Relating to Sound and Light.... - 8vo, 
* Morgan’s Physical Chemistry for Electrical Engineers......--+++-- 12mo,. 
* Norris’s Introduction to the Study of Electrical Engineering......--- 8yvo0, 


Norris and Dennison’s Course of Problems on the Electrical Characteristics of 

Circuits and Machines. (In Press.) 

* Parshall and Hobart’s Electric Machine Design.....------ 4to, half mor, 
Reagan’s Locomotives: Simple, Compound, and Electric. New Edition. 

Large 12mo, 

* Rosenberg’s Electrical Engineering. (Haldane Gee—Kinzbrunner.) . .8vo, 

* Ryan’s Design of Electrical Machinery: 

* Vol. I. Direct Current Dynamos. ...-+--+eeessrrerrs rere 
Vol. II. Alternating Current Transformers. (In Press.) 

Vol. III. Alternators, Synchronous Motors, 


(In Preparation.) ; 

Ryan, Norris, and Hoxie‘s Text Book of Electrical Machinery.......-- 8vo, 
Schapper’s Laboratory Guide for Students in Physical Chemistry....- 12mo, 
* Tillman’s Elementary Lessons in Heat.....----++++ererrereeere rns 8vo,, 
* Timbie’s Elements of Electricity...-+-+-+-++s1sresr treet Large 12mo, 

: * Answers to Problems in Elements of Electricity.......- 12mo, Paper 
Tory and Pitcher’s Manual of Laboratory Physics.....--+++-- Large 12mo, 
 Ulke’s Modern Electrolytic Copper Refining.« sie .ce cso srcccarcccss 8vo, 
*# Waters’s Commercial Dynamo Design....+--+-++++ssrrrrsrrerte tt 8vo, 
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LAW. 


* Brennan’s Hand-book of Useful Legal Information for Business Men. 


16mo, mor. 
*)DavistsBiementsof Lawrie tics sot cece «ot oie cle pls ote ces ahs aight ote et rE 
* Treatise on the Military Law of United States................. 8vo, 
* Dudley’s Military Law and the Procedure of Courts-martial..Large 12mo, 
Marzual for Gaurtsaiartreis .s:<. xera soiree’ > 010 eas wc) ete ocd 16mo, mor. 
Wait’s Engineering and Architectural Jurisprudence..................-8vo, 
Sheep, 
Paw OM COMEFACESS. 2) a.0,3ie icles ine «2 eae melee PAPER CRE CI Oe = 8vo, 
Law of Operations Preliminary to Construction in Engineering and 
Aeebstecterenc. x6 conics eee Stas we 6,0"alenk > oe eee oe ee 8vo, 
Sheep, 

MATHEMATICS. 
Baker's Eliptic: Rancttoms.. ic. dsctenete suc wie os win wate ale all «.3)e natal Ce 
Briggs’s Elements of Plane Analytic Geometry. (Bdcher.) ......... 12mo, 
* Buchanan’s Plane and Spherical Trigonometry...............-....- 8vo, 
Byerly sarmonie"PUnchiOwsrk i. <~.5 © see oe aa el ae aewdeoki alee 8vo, 
Chandler's Elements of the Infinitesimal Calculus................... 12mo, 
* Coffin’s Vector Analysis. .5.....5.. arata\stortis tate ole Stmiejie Miahae eters ite 12mo, 
Compton's Manual of Logarithmic Computations................... 12mo, 
#2Dickson’s' College Algebra... casa ese. s onsen ensceme oe -.....Large 12mo, 
* Introduction to the Theory of Algebraic Equations...... Large 12mo, 
Emch’s Introduction to-Projective Geometry and its Application...... 8vo, 
iske's. Functions of a Complex: Variables... 1.2 sceen ce cs eee eee 8vo, 
Halsted’s Elementary Synthetic Geometry....................-2--5- 8vo, 
Elements of Geometry..i.tonstew oes Ue s Lo cee eee ee 8vo, 
+ Rational Geomeétrys.' vise s conta eee te Oe ee ee 12mo, 
Synthetic. Projective (Geometry... ..-.<0c0ccten eee eee 8vo, 
* Hancock's Lectures on the Theory of Elliptic Functions............ 8vo, 
Hyde's Grassmann’s'Space Analysis... secu co. cece cee Sate enn oe 8vo, 
* Johnson's (J. B.) Three-place Logarithmic Tables: Vest-pocket size, paper, 
* 100 copies, 


* Mounted on heavy cardboard, 8 X10 inches, 


* 10 copies, 
Johnson’s (W. W.) Abridged Editions of Differential and Integral Calculus. 
Large 12mo, 1 vol. 


Curve Tracing in Cartesian Co-ordinates... ........ccecccccces. 12mo, 
Differential Equations. <...7.08 os .5 6 Sele eee ee ee 8vo, 
Elementary Treatise on Differential Calculus. ............ . Large 12mo, 
Elementary Treatise on the Integral Calculus........ ....Large 12mo, 
melbneoretical Mechanioss. A-scan ascctcen cet ames ee ee 12mo, 
Theory of Errors and the Method of Least Savlaros: Ci wcln erate 12mo, 
Treatise on Differential Calculus... 00...... dee... ss ...Large 12mo, 
Treatise on the Integral Calculus. oe... occ uc elon Large 12mo, 


Treatise on Ordinary and Partial Differential Equations. .. Large 12mo, 


* Part I. Problems on Machine Design..... Se nS emer Large 12mo, 
Koch's Practical Mathematics. (In Press.) 
Laplace’s Philosophical Essay on Probabilities. (Truscott and Emory.).1zmo 
* Le Messurier’s Key to Professor W. W. Johnson’s Differential Equat‘ons. 


, 


Small 8vo, 

* Ludlow’s Logarithmic and Trigonometric Tables................... 8vo, 
* Ludlow and Bass’s Elements of Trigonometry and Logarithmic and Other 
PEBTILEST criety ys lets stoi, saualers Mahsinuc Sn neeectae el Ae e ee 8vo, 

* Trigonometry and Tables published separately) oc} cL cmikin ee Each, 
Macfarlane’s Vector Analysis and Quaternions...................... 8vo, 
McMahon's Hy merbolic Munctions. .. .... 1... snc a. Sey aeeene cena ates 8vo, 


Manning's Irrational Numbers and their Representation by Sequences and 


STIS. 2 Tae Maes talkin oy Tae. sbtagec.co 0 ee 12mo, 

* Martin's Text Book on Mechanics. Vol. I. Statics.............. 12mo, 
* Vol. Tl. Kiematics-and Kinetics. Was, Se. Pi tmegew Dep 

* Vol, III. Mechanics of Materials......... ASE A OE te ees 12mo, 
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Mathematical Monographs. Edited by Mansfield Merriman and Robert 


Pe EREUO CLE . Bhi. Gos cane seh pie bse ba SS RA ae ves Octavo, each $1 00 


No. 1. History of Modern Mathematics, by David Eugene Smith 
No. 2. Synthetic Projective Geometry, by George ren Halsted 
No. 3 Determinants, by Laenas Gifford Weld. No. 4. Hyper- 
bolic Functions, by James McMahon. No. 5. Harmonic Func- 
tions, by William E. Byerly. No. 6. Grassmann’s Space Analysis, 
by Edward W. Hyde. No. 7. Probability and Theory of Errors, 
by Robert S. Woodward. No.8. Vector Analysis and Quaternions, 
by Alexander Macfarlane. No. 9. Differential Equations, by 
William Woolsey Johnson. No. 10. The Solution of Equations, 
by Mansfield Merriman. No. 11. Functions of a Complex Variable, 
by Thomas S. Fiske. 


Maurer’s Technical Mechanics. ..........6 222 - ee se cece eee r ee eceeees 8vo 
Merriman’s Method of Least Squares. ......-.2-- eee ee cece een eeeees Sua, 

Solution of Equations. ..........6e cece eee cee reece ee etecence 8vo, 
* Moritz’s Elements of Plane Trigonometry... ..-.-...se.s.eeeeeeeeee 8vo, 


Rice and Johnson’s Differential and Integral Calculus. 2 vols. in one. 
Large 12mo, 


Elementary Treatise on the Differential Calculus. ........ Large 12mo, 
Smith's History of Modern Mathematics. ..... .--- eee cere ee eer rees 8vo, 
* Veblen and Lennes’s Introduction to the Real Infinitesimal Analysis of One 

CE, 2 ioe Sree Sone) i ier ato tom Same 8vo, 


* Waterbury’s Vest Pocket Hand-book of Mathematics for Engineers. 
2% X 5% inches, mor. 


* Enlarged Edition, Including Tables .......+--+++eereeerrerees mor, 
Weld’s Determinants. .... 22.6.2 22 eee cece teeter renee eee enseeeees 8vo, 
Wood's Elements of Co-ordinate Geometry... - +--+ ee rrerseceeereree 8vo, 
Woodward's Probability and Theory of Errors... ..+-++ee+-sererseree 8vo, 


MECHANICAL ENGINEERING. 


MATERIALS OF ENGINEERING, STEAM-ENGINES AND BOILERS. 


Bacon’s Forge Practice. ...----cecsecscsccerscsccceecsceseccsees 12mo, 
Baldwin’s Steam Heating for Buildings.....-------++ee+cersrerers 12mo, 
Barr and Wood’s Kinematics of Machinery .......cccccccssscccesces 8vo, 
* Bartlett’s Mechanical Drawing.......------eseererceerrsrerereses 8vo, 
= 2 eg “ — Abridged Ed......--sesecceeeeeeees 8vo, 
* Bartlett and Johnson's Engineering Descriptive Geometry.......+-+- 8vo, 
* Burr's Ancient and Modern Engineering and the Isthmian Canal. ....8vo, 
Carpenter’s Heating and Ventilating Buildings. ........-.-+++e+seee: 8vo, 
* Carpenter and Diederichs’s Experimental Engineering..........--+- 8vo, 
* Clerk's The Gas, Petrol and Oil Engine.......---++++ssrerrsere ters .8vo, 
Compton’s First Lessons in Metal Working. .....-2+-sseeseecereees 12mo, 
Compton and De Groodt’s Speed Lathe. ......----sseereeeeenceees 12mo, 
Coolidge’s Manual of Drawing. ..-----scecsccccrerssccesenes 8vo, paper, 
Coolidge and Freeman’s Elements of General Drafting for Mechanical En- 
Becerra) Peter cetera ibisc darter as ices dae t5! Oblong 4to, 
Cromwell’s Treatise on Belts and Pelleva. sever acer weet te 12mo, 
Treatise on Toothed Gearing. .--0---1 sere sees ces ec recesses: 12mo, 
Dingey’s Machinery Pattern Making... 00... csceucevecsscceccrses 12mo, 
Durley’s Kinematics of Machines. ......+- pee te hea aie Gea oe vrai are 8vo, 
Flanders’s Gear-cutting Machinery. ...-- -++-+ssrrrseereres Large 12mo, 
Flather’s Dynamometers and the Measurement of Power........---- 12mo, 
Hoey ieee GEELONG Wareiacorars igs wis vias creme an eter ater s/elaresessiaig 4 on One 12mo, 
Gill’s Gas and Fuel Analysis for Engineers. ..----eeseeeeeerercceee 12mo, 
Basa Locomotive Sparks.) sre t= -% =< cere rere ere ars ooes sarees” 8vo, 
© Greene’s’ Pumping Machinery....------+++cecsetserer ste eats 8vo, 
Hering’s Ready Reference Tables (Conversion Factors)...+-+--- 16mo, mor. 
* Hobart and Ellis’s High Speed Dynamo Electric Machinery. ....---- 8vo, 
BESTA SEG geo aoe Cn RI la 8vo, 
Jamison’s Advanced Mechanical Drawing. ..----++s-+ssecceer sree es 8vo, 
Elements of Mechanical Toca witeete oie se are ese ota, 8 o elses 8vo, 
Te a a lee 8vo, 
Machine Design: 
Part I. Kinematics of Machinet ys oo sedidane ce nassecess ove sition 8vo, 
Part II. Form, Strength, and Proportions of Parts....--++++++- 8vo, 


13 


RNR Re 


Ree ROR OH ONNE 


PNNTONF NEF NWOWR NRE DO 


Or 


* 's Machine Shop Practice! VV... 451s ee oe Large i2mo $1 25 
7 moe Mechanical Mattcerls Pocket-Book J: jcc =veeee see 16mo, mor. 5 00 
Kerr's Power.and Power Trasismission. j So: Gi oe. aren eee 8vo, 2 00 
* Kimball and Batr’s. Machine Desion. cP. :2 kone oe eee ee eee 8vo, 3 00 
* King’s Elements of the Mechanics of Materials and of Power of Trans- 
PUASIOR. 1144240 42 2 Hoa Ges Bane ewes eee See 8vo, 2 50 
* Lanza's, Dynamics of. Machatery:.1:\.:<'s,< 3) > Jake oe ae eee 8vo, 2 50 
Leonard’s Machine Shop Tools and Methods... ...............2cce0e0. 8vo, 4 00 
ff, Levin's (Gas Fingine:. SS. . 5 teers - eet Mesa Cutep «eee ee ees 8vo, 4 00 
* Lorenz’s Modern Refrigerating Machinery. (Pope, Haven, and Dean).. 8vo, 4:00 
MacCord’s Kinematics; or, Practical Mechanism...............-.-.-. 8vo, 5 00 
Mechanical Drawing: Jt A vdeo. ooreeles Joe. ee Lee 4to, 400 
Welécity, -Diagrime.”. .\. Pa cos ah oe ieee | an became eee ieee 8vo, 1 50 
MacFarland’s Standard Reduction Factors for Gases................. 8vo, 1 50- 
Mahan’s Industrial Drawing. (Thompson.)............-.-.ecceece 8vo, 3 50 
Mehrtens’s Gas Engine Theory and Design................... Large 12mo, 2 5@ 
Miller, Berry, and Riley’s Problems in Thermodynamics and Heat Engineer- 
HONG 245 Carona te. «Gea Os a i ck ee 8vo, paper, 0 75 
Oberg's Handbook of Gmatl-Tools. <. 22.0. -¥e.s-s.e02e.c 00. Large 12mo, 2 50 
* Parshall and Hobart’s Electric Machine Design. Small 4to, half leather, 12 50 
* Peele’s Compressed Air Plant. Second Edition, Revised and Enlarged.S8vo, 3 50 
* Perkins’s Introduction to General Thermodynasmies <2 o.2 6.0 Se. 12mo. 1 50 
Peole's Caloric Powerlof Bueis.. tee as ens Cae eae cele eee eee 8vo, 3 00 
* Porter's Engineering Reminiscences, 1855 to 1882..........+....... 8vo, 3 00 
Randall’s Treatise on Heat. (In Press.) 
* Reid’s Mechanical Drawing. (Elementary and Advanced!): 2.25 [0% 8vo, 2 00 
Text-book of Mechanical Drawing and Elementary Machine Design.8vo, 3 00 
michards’s Compressed Ain. C.s 2: . Sc Dene, SEB ee ae 12mo, 1 50 
Robinson's Principles of Mechanism: <.\. 1.) .osleo be ee en ee 8vo, 3 00 
Schwamb and Merrill’s Elements of Mechanism..................... 8vo, 3 00 
Smith (A. W.) and Marx’s Machine Design. «5: Roky cab ee 8vo, 3 00 
Smith's (O.) Press-working of Metals............................. .-8vo, 3 00 
Sorel’s Carbureting and Combustion in Alcohol Engines. (Woodward and 
TESTOR) Son. cate eis otal ahs Gene ae ee ae Large 12mo, 3 00 
Stone’s Practical Testing of Gas and Gas Meters...........-......... 8vo, 3 50 
Thurston's Animal as a Machine and Prime Motor, and the Laws of Energetics. 
12mo, 1 00 
Treatise on Friction and Lost Work in Machinery and Mill Work.. -8vo, 3 00 
* Tillson’s Complete Automobile Instructor....................... 16mo, 1 50 
* Titsworth’s Elements of Mechanical Drawings S..25 eee Oblong 8vo, 1 25° 
Warren’s Elements of Machine Construction and Drawing! us le ees 8vo, 7 50 
* Waterbury’s Vest Pocket Hand-book of Mathematics for Engineers. 
2X5 inches, mor. 1 00 
* Enlarged Edition, Tncludigg Tables sey ney cee se ele eee mor. 1 50 
Weisbach's Kinematics and the Power of Transmission. (Herrmann— 
ASAT) gira 0.5/5 A15) 05,500) oan tlert slo oa a 8vo, 5 00 
Machinery of Transmission and Governors. (hermann—Klein.) . -8vo, 5 00 
Poe Dutbines. ss. a vkis <4 wc ancure cis Gualee ein eee ane 8vo, 2 50 
MATERIALS OF ENGINEERING. 
Burr’s Elasticity and Resistance of the Materials of Engineering. ...... 8vo, 7 50 
Church’s Mechanics of Engineering... ...... SR ori re eee aoe. 8vo, 6 00 
Mechanics of Solids (Being Parts I, IT, III of Mechanics of Engineering). 
8vo, 4 5 
po creenee Structural Mechanics. ....... .fs sola <bealess eves Meee s2a8Vo, 2 ee 
Holley’s Analysis of Paint and Varnish Products. (In Press.) 
paeetand @inc Pigments... . 5. $5, «cic aie Large 12mo, 3 00 
Johnson’s (C. M.) Rapid Methods for the Chemical Analysis of Special 
Steels, Steel-Making Alloys and Graphite........... Large 12mo, 3 00 
Johnson's (J. B.) Materials of Construction............-----...._.. ..8vo, 6 00 
Teo OSE ERR ie or one + Wty. 05 > «cn Se en 8vo, 2 50 
* King’s Elements of the Mechanics of Materials and of Power of Trans- 
TELSBROD TY hike osteo so. PM aay er oe 8vo, 2 50 
Lanza's Applied Mechanics, , .... 0. vivumy,.. ssc. 050. cee lle Bia ree 8vo, 7 50 
Lowe's Paints for"Gieelstruotinas,..-.%.. - oie. oye, ps8e,e 12mo, 1 00 
Maire’s Modern Pigments and their Vehicles..............__ ate Day 12mo, 2 00 
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Merriman’s Mechanics of Materials... .......0.0. ccc cece cece ceecces 8vo, 5 
WRGmreh oF Midetinba) =i. vit 200-2957 A ioe eee ooo kes 12mo, 1 
Metcalf’s Steel. A Manual for Steel-users............ Be Rees 12mo, 2 
= Murdock’s prepilin ek Materiales, 2.6. 2) eto tie Foor: ny 2 
Sabin’s Industrial and Artistic Technology of Paint and Varnish.. ... .8vo, 3 
Smith's (A. W.) Materials of Machines. ..........00000eeceecee sees 12mo, 1 
* Smith’s (H. E.) Strength of Material..............000...... 0... 12mo, 1 
Thurston’s Materials of Engineering....................... 3 vols., Sve, 8 
Part I. Non-metallic Materials of Engineering, ................ 8vo, 74 
OI 9 ig Ge RRS CRE RRS ie mania Sea We ad” iene 8vo, 3 
Part III. A Treatise on Brasses, Bronzes, and Other Alloys and their 
On NTS SR GR ae pe at Ae Cer eet Peet a ete te Terra 8vo, 2 
Waterbury’s Laboratory Manual for Testing Materials of Construction. 
In Press. 
Wood's (De V.) Elements of Analytical Mechanics. ............. sie park 3 
Treatise on the Resistance of Materials and an Appendix on the 
Preservation of Timber....... ig SG COULE STS bo ok GREG 5 Le ee 8vo, 2 
Wood's (M. P.) Rustless Coatings: Corrosion and Electrolysis of Iron and 
CEE sean Sar aeh wisines cig swe nwinw trl se mininclaess csisietce cn oeiz 8vo, 4 
STEAM-ENGINES AND BOILERS. 
Berry's Temperature-entropy Diagram. Third Edition Revised and En- 
UT ee De Rt SN Oe Pence a a ee An Pee 12mo, 2 
Carnot’s Reflections on the Motive Power of Heat. (Thurston.),.... 12mo, 1 
ERT Ree A PGCE MARSSS, 15 «nicl bichon slo Ail Aidhe's.« «cio exp Heigle 12mo, 2 
Creighton’s Steam-engine and other Heat Motors............-+.ee0008- 8vo, 5 
Dawson’s “ Engineering”’ and Electric Traction Pocket-book....16mo, mor. 5 
* Gebhardt’s Steam Power Plant Engineering.............-+.+200+. .-8vo, 6 
ares LOCOTOLVE Perlormance.. 6... 0-60 oo.6.5 5 wei do 0.5. 0 5i0,c10 eles aisisce'd 8vo, 5 
Hemenway’'s Indicator Practice and Steam-engine Economy......... 12mo, 2 
Hirshfeld and Barnard’s Heat Power Engineering. (In Press.) 
eM A BAEAE ANIC SI CAL-CRIGITIOS Ao. cee. o.5: 2.6.0, ow '9 5. <n 56: 4-4) 9) aio wiaiepselsie/a sis 8vo, 5 
Mechanical Engineering of Power Plants......... ghee, Anreiaencwe oe 8vo, 5 
Beemer tstedrt Bolet cONOMY , . "> «+ OP 0 5 2:« hows veda debe sioiwla eae een 8vo, 4 
Kneass’s Practice and Theory of the Injector... ......-+.seseeeeeees 8vo, 1 
RI SCRERL AD SSEAE- VALVES. 20 pie no w 0 3 aid > Slobie aie. ce 4M p09 W's) oh aya Ibleele bie 8vo, 2 
Meyer's Modern Locomotive Construction, ......-.0eeeeeeceeecnsenee 4to, 10 
Miller, Berry, and Riley’s Problems in Thermodynamics........ 8vo, paper, 0 
Movec’s Steam Turbine. .. 2... cece cece cto ccesessonssrassoceges 8vo, 4 
Peabody’s Manual of the Steam-engine Indicator.................+. 12mo, 1 
Tables of the Properties of Steam and Other Vapors and Temperature- 
Entropy Table. ........... etna tide Ae Mai cus bins OS Malaic ce nate 8vo, 1 
Thermodynamics of the Steam-engine and Other Heat-engines....8vo, 5 
* Thermodynamics of the Steam Turbine.............+--+++-00- 8vo, 3 
Valve-gears for Steam-engines.....- 6s sees ee ce cecenerenescevees 8vo, 2 
Peabody and Miller’s Steam-boilers....... 0.60 ec eee ce reece cece eenes 8vo, 4 
* Perkins’s Introduction to General Thermodynamics............... 12mo. 1 
Pupin’s Thermodynamics of Reversible Cycles in Gases and Saturated Vapors. 
UFC oo wwe nes oc panda gimenevicvcle ttsnasion sins 12mo, 1 
Reagan’s Locomotives: Simple, Compound, and Electric. New Edition. 
Large 12mo, 3 
Sinclair’s Locomotive Engine Running and Management......... ..-12mo, 2 
Smart’s Handbook of Engineering Laboratory Practice. ..........+-- 12mo, 2 
Snow’s Steam-boiler Practice... . 6+. - ee ee eee e eet e cence eee eee enna 8vo, 3 
Spangler’s Notes on Thermodynamics. .. .-.----+eeeeeeeeerereeees 12mo, 1 
etl VESCATS. whey «.F sireivi aio a oi slewoaiaie piso we Pima amo nlhie o's oft Silda ve + 8vo, 2 
Spangler, Greene, and Marshall's Elements of Steam-engineering...... 8vo, 3 
Thomas’s Steam-turbines. . 0.2... cece eet ee net eee e eee eten tenes 8vo, 4 
Thurston’s Handboox of Engine and Boiler Trials, and the Use of the Indi- 
cator and the Prony Brake........+sseee cre cee eee ceeecers 8vo, 5 
Ridecy nba bled: -iewers aie a =lcis Mis Riciwiese* ba leis a's .aae oslo 4 cise seals eee 0u Svo,~ 2 
Manual of Steam-b, ers, their Designs, Construction, and Operation 8vo, 5 
Manual of the Steam-engi-©.....--- +--+ -2 seer eeeeereee 2 vols., 8vo, 10 
Part I. History, Struccure, and Theory.....---++++++++++ 8vo, 6 
Part II. Design, Construction, and Operation: ..40....25%04 8vo, 6 
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Wehrenfennig’s Analysis and Softening of Boiler Feed-water. (Patterson.) 


8vo, 
Weisbach’s Heat, Steam, and Steam-engines. (Du Bois.)............ 8vo, 
Whitham’s Steam-engine Design. . . . conte eee e seer este etee ere eeee 8vo, 
Wood’s Thermodynamics, Heat Motors, and Refrigerating Machines. . .8vo, 


MECHANICS PURE AND APPLIED. 


Church’s Mechanics of Engineering... ...... EG as se Sema ele tines ees 8vo, 

Mechanics of Fluids (Being Part IV of Mechanics of Engineering). .8vo, 

#) Mechanics or Iintestial Work=.\..< 02. . 2-a5 deem seek elereae one _. -8Vo, 

Mechanics of Solids (Being Parts I, II, III of Mechanics of Engineering). 
8vo, 

Notes and Examples'ir Mechanics... 2. ./.|.0.'20. 05.006 20s pe ears 8vo, 


Dana’s Text-book of Elementary Mechanics for Colleges and Schools .12mo, 
Du Bois’s Elementary Principles of Mechanics: 


Wolk) I: Kanl@taaties: 2, i020 eects «om ae eas Janse aero 8vo, 

Wol. TI. -Stabligsy ica scass stag oa ein cee ee a mene oe eee ee 8vo, 
Mechanics’ of Engincermip. Vol, “Ieeies....0eeeres sce sece Small 4to, 

; Wolk hide ft oh otek ota ee ae Small 4to, 

wiGreene Ssotructural Mechanics) <2 sues aq <2 oeemsweis ot ee eee 8vo, 
* Hartmann’s Elementary Mechanics for Engineering Students....... 12mo, 


James’s Kinematics of a Point and the Rational Mechanics of a Particle. 


Large 12mo, 
* Johnson’s (W. W.) Theoretical Mechanics. ............-.0ececeee 12mo, 
* King’s Elements of the Mechanics of Materials and of Power of Trans- 
PATSSHOL aie Si 3 ae Sass oe aie ee on oe EE ee a> a, ON 
Ranzas Applied, Mechanics: <-.s-ccs cles angeesctee Core eet aan 8vo, 
* Martin’s Text Book on Mechanics, Vol. I, Statics................. 12mo, 
*Volml. ‘Kinematics and Kineties. 0. cs uscce cc eerae ae eee 12mo, 
+ Vols Chi. Mechanics of Materials.*, 0.0 cece eee eee 12mo, 
Meaurer's Technical Mechanics. 2 *.,..% ocnisesae cs See beeen eee 8vo, 
* Merriman’s Elements of Mechanics.’. |. .....2-.l<.+.--ceckeen eee 12mo, 
Mechanics of Materials.~.. \. wGslasm cn eesc Chae Oe eee eee 8vo, 
* Michie’s Elements of Analytical Mechanics............. eens atta 8vo, 
Robinson's Principles of Mechanism...... ...-s.<ececeectcescoteee eee 8vo, 
Panhorn’s Mechanics Problems..)..\... 20s cee caeees eseceeene Large 12mo, 
Schwamb and Merrill’s Elements of Mechanism.... ........-.--ec0e- 8vo, 
Wood’s Elements of Analytical Mechanics. ...... 0... ceeceececccccee 8vo, 
Principles of Elementary Mechanics. ,...-......ccccecccccccce 12mo, 
MEDICAL. 
*’Abderhalden’s Physiological Chemistry in Thirty Lectures. (Hall and 
Delran erst caus oh wi oe he toe ates eee oe eee 8vo, © 
von Behring’s Suppression of Tuberculosis. (Bolduan.)............ 12mo, 
peSoldian's Immune’ Sera. tenses nee mee sae ce ee 12mo, 
ordet's-Studies in Immunityr~ (Gay. -.....<s0<seceskieee cme 8vo, 
* Chapin’s The Sources and Modes of Infection............... Large 12mo, 
Davenport’s Statistical Methods with Special Reference to Biological Varia- 
THONG x 5) 2ua'sPe abe vs sha rsh Soe tahoe ee ee 16mo, mor. 
Ehrlich’s Collected Studies on Immunity. (Boldgant)i) Poe eee 8vo, 
BEMRCHER SeNGDETIUS |, {gelsie vio ltos-< 5.0 Be A eee Large 12mo, 
BEDRMS 580 succ eh a Tape ou ere ee ee ee ee te ee rane 8vo, 
WPhysiology of Alimentation... :...) e.e2s¢5 kee ...Large 12mo, 
* de Fursac’s Manual of Psychiatry. (Rosanoff and Collins.)...Large 12mo, 
*'Hammarsten’s Text-book on Physiological Chemistry. (Mandel.)... -8vo, 
Jackson's Directions for Laboratory Work in Physiological Chemistry. .8vo, 
Lassar-Cohn’s Praxis of Urinary Analysis. (Lorenz.)............... 12mo, 
Mandel’s Hand-book for the Bio-Chemical Laboratory.............. 12mo, 
* Nelson’s Analysis of Drugs and Medicines....................... 12mo, 
* Pauli’s Physical Chemistry in the Service of Medicine. (Fischer.) ..12mo, 
* Pozzi-Escot's Toxins and Venoms and their Antibodies. (Cohn.). . 12mo, 
Rostoski's Serum Diagnosis. (Boldwan.)..............00c0cccecue 12mo, 
Ruddiman’s Incompatibilities in Prescriptions,.........--..... gr seats 8vo, 
Whys in Pharmteyactess ga vided yt s'ne + Co. he ee ae 12mo, 


Salkowski’s Physiological and Pathological Chemistry, (Orndorff.) .. ..8vo, 
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* Satterlee’s Outlines of Human Embryology. .................0085 12mo, $1 


Smith's Lecture Notes on Chemistry for Dental Students............. 8vo, 2 
EE Ss TR ne oe ee Large 12mo, 3 
* Woodhull’s Military Hygiene for Officers of the Line........ Large 12mo, 1 
PERRET 4S SOMERS he Bc ciete eels otle Grose tals aise hie pale.e mie ae se 80, 12mo, 1 
Worcester and Atkinson's Small Hospitals Establishment and Maintenance, 
« and Suggestions for Hospital Architecture, with Plans for a Small 
Ce Be Be ae 5 ay Se ee ne a 12mo, 1 
METALLURGY. 
Betis’s Lead Refining by Electrolysis. .. 2.6.0.3. .2 cca Seecc en ceesevees 8vo, 4 
Bolland’s Encyclopedia of Founding and Dictionary of Foundry Terms used 
ee eas Free ee eae ASE, Soe <n cle ms cle wo ove b aele t's este ose 12mo, 3 
ROE S oi. so Co nkaus Mek tic hss k.cr's'e mete bs » tle wise sles 12mo, 2 
= oe Sergent oe oe ra 'eite Woo Scesle nictn ooo Fis 12mo, 2 
* Borchers’s Metallurgy. (Hall and Hayward.)...............-+05.. 8vo, 3 
* Burgess and Le Chatelier’s Measurement of High Temperatures. Third 
CORR re Aa et ie eae tat craraioiats lata am doa's a’ © 8S wh wee 2 cued: 8vo, 4 
Douglas’s Untechnical Addresses on Technical Subjects. ..........-- 12mo, 1 
Goesel’s Minerals and Metals: A Reference Book.............. 16mo, mor. 3 
eeiraget Dattch-seUtITISe. 5. = bcm ow oo kite > 6 2 Siwie sie a9 mio 0 eles oso) es aise 12mo, 2 
Johnson’s Rapid Methods for the Chemical Analysis of Special Steels, 
Steel-making Alloys and Graphite. .......-...+0+0-- Large 12mo, 3 
ese & Cast Erne. a 2. ooo ons ode wae oceans weisin oinnsicce 2% tine soc eisele nie 8vo, 2 
Metcalf’s Steel. A Manual for Steel-users.......----ecesecenwreces 12mo, 2 
Minet’s Production of Aluminum and its Industrial Use. (Waldo.)..12mo, 2 
* Palmer’s Foundry Practice... ........--essceccenrccccees Large 12mo, 2 
* Price and Meade’s Technical Analysis of Brass.........+++eee00+5 12mo, 2 
* Ruer’s Elements of Metallography. (Mathewson.)......-++++++-+e++ 8vo, 3 
Smith’s Materials of Machines... .......eee cece c ccc ceececceeeens 12mo, 1 
Tate and Stone’s Foundry Practice.......-.2+2e-ceeeseeceeseneees 12mo, 2 
Thurston’s Materials of Engineering. In Three Parts........-+++++-- 8vo, 8 
Part I. Non-metallic Materials of Engineering, see Civil Engineering, 
page 9. 
Part II. Iron and Steel... 0.6.0. cece eee e cece cv scccecncesess 8vo, 3 
Part III. A Treatise on Brasses, Bronzes, and Other Alloys and their 
Roce TPASGrITe Soule oa Fhe mow cod Od wna Hale g'e'e a's viede opiate FF 8vo, 2 
Ulke’s Modern Electrolytic Copper Refining.......+-+++sseeeeerreeees 8vo, 3 
West’s American Foundry Practice.........+++++++ Weds sete pe Welw 12mo, 2 
Moulders’ Text Book. ......c.cccceseccccseccsccvessescvoess 12mo, 2 
MINERALOGY. 
* Browning's Introduction to the Rarer elernenits: sc «. caw clovgce vse fa’ 8vo, 1 
Brush’s Manual of Determinative Mineralogy. (Penfield.). .........-- 8vo, 4 
Butler’s Pocket Hand-book of Minerals......---- ee ees 16mo, mor. 3 
Chester’s Catalogue of Minerals...... ee 4 8nd I POS IRC Te PIS 8vo, paper, 1 
Cloth, 1 
* Crane’s Gold and Silver. ......... Be ee ie Ae cia ie Trislo ve cbatereceo4s 8vo, 5 
Dana’s First Appendix to Dana’s New “System of Mineralogy’’..Large 8vo, 1 
Dana’s Second Appendix to Dana’s New ‘System of Mineralogy.” 
Large 8vo, 1 
Manual of Mineralogy and Petrography. ....+++-++eseeeereeres 12mo, 2 
Minerals and How to Study Them... .---+seeseeerrsererseccs 12mo, 1 
System of Mineralogy. .....--+-++++eeeeee> Large 8vo, half leather, 12 
Text-book of Mineralogy. . ....----esssseccccrsrccseeeseessrst 8vo, 4 
Douglas’s Untechnical Addresses on Technical Subjects. ....-+++++++ 12mo, 1 
Patle’s Mineral Tables. .25-<.cece ence ceenitersceccensescrcrreerr’ 8vo, 1 
* Eckel’s Building Stones and Clays.....++--++++seeererresttee es 8vo, 3 
Goesel’s Minerals and Metals: A Reference BSI rare clelcie selec eva 16mo, mor. 3 
* Groth’s The Optical Properties of Crystals. (Jackson.).......++++- 8vo, 3 
Groth’s Introduction to Chemical Crystallography (Marshall)........12mo, 1 
* Hayes’s Handbook for Field GeologistS.....ss-ccceccceseces 16mo, mor. 1 
Iddings’s Igneous Rocks... ..-seeeeecrsrresteecsssrsetee? be tine 8vo, 5 
Rock Minerals... ...-cccssseseerceses® Jaa cendacietion 9d Seb me 8vo, 5 
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Johannsen's Det: ination of Rock-forming Minerals in Thin Sections. 8vo, 
dpe 7p With Thumb Index 


Stones for Building and Detoration., «2222 din . a.eeap enw see 8vo, 

-® Penfield’s Notes on Determinative Mineralogy and Record of Mineral Tests. 
8vo, paper, 

Tables of Minerals, Including the Use of Minerals and Statistics of 


Domestic Prodattion io Jsfes.o da elaac Pas w wae 0 eines ese onetns yale 8vo, 
© Pirsson's Rocks and Rock Minerals... . << s00% «samosas ee Balen 12mo, 
~* Richards’s Synopsis of Mineral Characters... .........-.-+-- 12mo, mor. 
“* Ries’s Clays: Their Occurrence, Properties and Uses................ 8vo, 
-~* Ries and Leighton’s History of the Clay-working inaustry of the United 

Statesi- «stole cievcte's 5 wre'e Fs ote wigalek aban Cale oh S ga aie eee 8vo, 
-® Rowe's Practical Mineralogy Simplified................0..e0200: 12mo, 
“* Taliman’s Text-book of Important Minerals and Rocks.............. 8vo, 
Wrashington’s Manual of the Chemical Analysis of Rocks............. 8vo, 

MINING, 

*#* Beard’s Mine Gases and Explosions. ..........cccccoceeees Large 12mo, 
= Crane's (Goldand. Silver a. ss Bee Fo oo we Dee eee 8vo, 
* Index of Mining Engineering Literature.............2.2.eece: 8vo, 

* 8vo, mor. 

= Ore Minitip Methods lo a4 cscs sere Fee Seu ole oan eee ee 8vo, 

=o Dana and: Satnderss Rock Drilling. 2.5255. 5. Soa e.s bau ce cook 8vo, 
Douglas's Untechnical Addresses on Technical Subjects...........-- 12mo, 
‘Ressler's Modern Fligh Explosives: os... sce acca Ghee suena 8vo, 
‘*Goesel’s Minerals and Metals: A Reference Book.............. 16mo, mor. 
Whisens’s Manualof Mining. 222k, va va. oes hss on ceeck ot ee ere 8vo, 
*® Tles’s Lead Smelting. ...... wv einistaldisia te sep teiG as ¢ 6s center ae 12mo, 


TO ee ee et I eee 8vo, 
Riemer's Shaft Sinking Under Difficult Conditions. (Corning and Peele.)8vo, 
MiWeawver's Military Explosives... v....tn eas oe'oc ancla ccs os one ae 8vo, 


“Wilson's Hydraulic and Placer Mining. 2d edition, rewritten... .... 12mo, 
Treatise on Practical and Theoretical Mine Ventilation 


SANITARY SCIENCE. 


issociation of State and National Food and Dairy Departments, Hartford 
Meeting, 1906 


nitescbie Pais ns labetaln sate him phete oheie © reinca eee te chats, < siete SOS 

Jamestown Meeting, 1907: see ee hee ec ee 8vo, 

“* Bashore’s Outlines of Practical Sanitation. ...........0.c..ee--. 12mo, 

Sanitation.of:a Country House. ips. cokninde en oe ue 12mo, 

Sanitation of Recreation Camps and Parks. ........-..00.--.... 12mo, 

“* Chapin’s The Sources and Modes of Infection............... Large 12mo, 

Folwell’s Sewerage. (Designing, Construction, and Maintenance.). .... 8vo, 

Water-supoly Enginéeringy 5c. ccm csemetek er aece eae 8vo, 

muyeiers Sewage Works Analyses... i... canis ss <unevledesseekcen.. 12mo, 

mMectes's Water-filtration Works: :. a... 026 desu oe acev oe eee Le. 12mo, 

pavcrand Public Health. 4 .ioa0..m meee ico ack Soe 12mo, 

Gerhard’s Guide to Sanitary Inspections............00-ceeeeeeee., 12mo, 

Modern Baths and Bath Houses,, .¢./) 1.06. ose ccies cae dene 8vo, 

Sanitation of Public Buildings: mevene.c-ast Meer ene a ease ed one 

* The Water Supply, Sewerage, and Plumbing of Modern City Buildings. 

: 8vo, 

AMfazen's Clean Water and How to Get It... ............--5. Large 12mo, 

Filtration of Public Water-supplies.. ............ccceeceece. ee, 8vo, 

“* Kinnicuit, Winslow and Pratt’s Sewage Disposal................... 8vo, 

| Beach's Inspection and Analysis of Food with Special Reference to State 

ge a eC gi ora ae ee nn) a 8vo, 

-Mason’s Examination of Water. (Chemical and Bacteriological)... .. 12mo, 
Water-supply. {Considered principally from a Sanitary Standpoint),- 

8vo, 

~* Mast’s Light and the Behavior of Organisms........., +++... Large 12mo, 
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* Merriman’s Elements of Sanitary Engineering. . .............cc000e 8vo, 


Ogden’s Sewer Construction Ricoh EMC Ah oeS C Oe on SNA Lieb oidce aren 8vo, 
Sewer Design oa ee yess heme cee see seats ee seingsestereoermess 12mo, 
Parsons's Disposal of Municipal Refuse. .................cccecccccee 8vo, 
Prescott and Winslow's Elements of Water Bacteriology, with Special Refer- 
ence to Sanitary Water Analysis... 2.5.0). 66 occ cdc ee cedles 12mo, 
egg oe EEC ae Yel ae i a ro ee ann 12mo, 
Richards’s Conservation by Sanitation..................cccceceseaee 8vo 
PR DENUIONM SE ee nee £0 ig c-o'ss, Bice tutus ah ce eee no ae 12mo, 
Coskort Pood. A Study in Dietaries, 1.5 cco. <ccc ccs ccs ccseee 12mo, 
Cost of Living as Modified by Sanitary Science... ............. 12mo, 
BES Bo SS A ee ee ae en haar eine 12mo, 
Richards and Woodman’s Air, Water, and Food from a Sanitary Stand- 
point... ... EPG SOM ck bc asia oie seth kis. .s a atcehore Retent 8vo, 
* Richey’s’ Plumbers’, Steam-fitters’, and Tinners’- Edition (Building 
Mechanics’ Ready Reference Series). ............-.-- 16mo, mor. 
Rideal’s Disinfection and the Preservation of Food... ...........06-- 8vo, 
Soper’s Air and Ventilation of Subways. ..............cccecscscecs 12mo, 
Turneaure and Russell’s Public Water-supplies. ............2-02200-- 8vo, 
Venable’s Garbage Crematories in America. ... ........2-cecceeceees 8vo. 
Method and Devices for Bacterial Treatment of Sewage.......... 8vo, 
Ward and Whipple's Freshwater Biology. (In Press.) 
Whipple's Microscopy of Drinking-water.... 1... .ccesecececscecees 8vo, 
DE eee eee tar ae oF, oan Large 12mo, 
eres Seah UMA 0 cae nolo > o's «ods. o nid eip b mie 's'g PG Teas Large 12mo, 
Winslow's Systematic Relationship of the Coccacez..........- Large 12mo, 
MISCELLANEOUS. 
eiteeet ee iwiy Statunt SErviles oc .60s oc0 60 mec ce ns sien sccie piewwiay 12mo, 
OSIEAT SACVEE RD: PATIEION |, cas 01g bip/ic 0. 0 iw bua who idle eS 0) 018 Ha telnet TEBIS 12mo, 
Emmons’s Geological Guide-book of the Rocky Mountain Excursion of the 
International Congress of Geologists. .......+2+++e+0-+ Large 8vo, 
Ferrel’s Popular Treatise on the Winds. .......2.eseeeccescecsoscees 8vo, 
Fitzgerald’s Bosvon Machinist. . ....-seccscscccscrccscscscssoncns 18mo, 
A EL OHIORTADY PODS ooo wie edie ove #6 vole al co's wisi Sinhalese 8vo, 
Gannett’s Statistical Abstract of the World... ......sssesceccecece 24mo, 
Haines’s American Railway Management... .--.-eecesscceevnveres 12mo, 
Hanausek’s The Microscopy of Technical Products. (Winton)....... 8vo, 
Jacobs's Betterment Briefs. A Collection of Published Papers on Or- 
ganized Industrial Efficiency. .......++sesereeercseceereees 8vo, 
Metcalfe’s Cost of Manufactures, and the Administration of Workshops..8vo, 
* Parkhurst’s Applied Methods of Scientific Management..........-. 8vo, 


Putnam’s Nautical Charts. ........c.cscccccecccstevescesscrvesees 8vo, 
Ricketts’s History of Rensselaer Polytechnic Institute 1824-1894. 

Large 12mo, 

* Rotch and Palmer’s Charts of the Atmosphere for Aeronauts and Aviators. 

Oblong 4to, 


Rotherham’s Emphasised New Testament... .++--+seeeeerrens Large 8vo, 
Rust’s Ex-Meridian Altitude, Azimuth and Star-finding Tables........ 8vo 
Standage’s Decoration of Wood, Glass, Metal, etc....-.+++ceseerees 12mo 
Thome’s Structural and Physiological Botany. (Bennett).......... 16mo, 
Westermaier’s Compendium of General Botany. (Schneider)........- 8vo, 
Winslow’s Elements of Applied MicroscOpy...++sseseeerereeerceees 12mo, 


HEBREW AND CHALDEE TEXT-BOOKS. 
Gesenius’s Hebrew and Chaldee Lexicon to the Old Testament Scriptures. 
(Tregelles.) .... gees cssesccsccccecssscorons Small 4to, half mor, 
Green’s Elementary Hebrew Grammal..eereerereereeces SS OCI a oent’ 
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